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ANATOMY  OF  YERTEBRATES. 

CHAPTER   XIII. 

CHARACTERS   OP   H^MATOTHEUMA. 

§  121,  Thermogenous  Conditions, — Life  is  attended  with  con- 
stant molecular  change ;  and  such  vital  motion  becomes  converted 
directly,  or  through  intermediate  modes  of  chemical  or  electrical 
force,  into  that  of  heat ;  the  chief  chemical  action  preceding  or 
producing  the  calorific  force  being  due  to  the  introduction  of  oxy- 
gen by  air  or  food  into  the  body,  where  it  operates  in  a  manner 
analogous  to  combustion. 

The  evolution  of  animal  heat  more  directly  relates  to  the 
amount  of  air  inspired  in  a  given  period,  and  to  the  rapidity  with 
which  the  oxygenated  blood  is  conveyed  to  the  tissues. 

In  these  the  molecular  changes  are  governed  by  the  nervous 
system,  and  whatever  tends  to  paralyse  the  nervous  force  operates 
in  the  same  degree  in  arresting  those  molecular  movements  on 
which  more  directly  depends  the  evolution  of  heat.  In  this  act 
the  nervous  system  is  accordingly  concerned,  in  so  far  as  it 
influences  the  exercise  of  the  muscular  movements. 

In  the  H(Bmatotherjnay  or  Warm-blooded  Vertebrates,  the  at- 
mosphere is  directly  inspired  and  applied  to  a  vascular  surface 
which,  in  proportion  to  the  bulk  of  the  body,  is  much  more  exten- 
sive than  in  any  of  the  HcBmatocrya,  For  mechanical  convenience 
the  respiratory  surface  is  closely  packed,  in  small  compass,  by 
subdivision  of  the  pulmonary  cavity  into  countless  minute  cells, 
giving  to  the  lung  a  spongy  texture,  obliterating  all  trace  of  a 
visible  or  conspicuous  cavity. 

The  whole  of  the  venous  bloml  is  propelled  over  this  cxtcnnive 
but  compactly  disposed  capillary  area  by  successive  contractions 
of  a  S{)ecial  ventricle,  receiving  it  from  a  distinct  auricle,  and  the 
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2  ANATOMY   OF   VERTEBRATES. 

blood,  changed  by  the  respiratory  action,  is  conveyed  to  another 
distinct  auricle  and  propelled  by  a  second  distinct  ventricle  over 
the  entire  system. 

Thus  a  four-chambered  heart  and  spongy  lungs  are  the  chief 
anatomical  characteristics  by  which  the  *  warm-blooded '  are  dis- 
tinguished from  the  *  cold-blooded '  Vertebrates,  although  respira- 
tion and  circulation  are  subsidiary  or  auxiliary,  not  immediate, 
thermogenous  functions. 

Whatever  tends  to  obstruct  the  flow  of  blood  to  a  part  of  the 
body,  as  ligature  of  an  artery,  e.  g.,  lowers  in  a  certain  degree  the 
heat  of  that  part ;  and  whatever  augments  such  flow  of  blood,  as, 
exercise,  e.  g.,  or  increases  the  quantity  of  blood  in  a  part,  as 
where  the  capillaries  dilate  through  paralysis  of  the  vaso-motory 
filaments  from  a  ganglion  of  the  sympathetic  nerve,  raises  the  heat 
of  such  part;  temporarily,  at  least,  in  the  latter  case.^ 

In  all  HcBmatoiherma  the  mass  of  nervous  matter  constituting 
the  cerebral  portions  of  the  prosencephalon  is  relatively  larger 
both  to  the  rest  of  the  brain  and  to  the  bulk  of  the  body  than  in 
H(Rmatocrya^  although  the  degrees  of  this  predominance  in  the 
warm-blooded  series  relate  to  other  functions  than  the  evolution 
of  heat. 

Concomitantly  with  the  advance  of  the  circulating  and  resjrira- 
tory  organs  in  Hmmatotherma  is  that  of  the  blood  itself,  in  quantity, 
in  the  proportion  of  organic  {proteine)  principles  to  the  water  in  it, 
and  in  depth  of  colour  due  to  the  more  abundant  blood-discs. 
The  voluntary  muscular  fibre  shows,  in  most  HcBmatotherma,  by 
its  deeper  colour  than  in  Hcematocrya,  the  influence  of  this  more 
abundant,  richer,  and  redder  blood ;  and  the  longer  duration  and 
greater  energy  of  the  contractions  have  relation  to  the  haemato- 
thermal  conditions  of  the  nervous,  respiratory,  and  circulating 
systems. 

In  every  muscular  contraction  some  molecules  of  the  fibre 
may  be  said  to  be  burnt,  and  heat  is  evolved.  Needles  of  a  deli- 
cate thermo-electrical  apparatus,  thrust  into  a  living  muscle,  indi- 
cate a  rise  of  temperature  at  each  act  of  contraction."  The  heat- 
producing  results  of  the  sum  of  such  actions  is  a  matter  of  common 
experience,  and  a  loss  of  animal  heat  results  from  the  cessation  of 
such  actions.  So,  Hunter  writes :  *  When  a  man  is  asleep  he  is 
colder  than  when  he  is  awake ;  and  I  find,  in  general,  that  the 
difference  is  about  one  degree  and  a  half'  (of  Fahr.)' 

'  V.  p.  377. 

*  As  in  the  *  biceps  flexor  cubiti '  of  the  man  so  experimented  on,  in  i-.  p.  402. 

'  xciv.  p.  144.     See  also  ir. 
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The  molecular  movements  and  changes  in  the  organs  of  vege- 
tative life  constitute  a  more  unintermitting  source  of  caloric.  The 
blood  which  returns  from  the  extensive  seat  of  such  operations 
afforded  by  the  mucous  intestinal  tract  is  warmer  than  before  it 
enters  that  tract:  the  blood  of  the  hepatic  vein  after  its  passage 
through  the  portal  circulation,  and  its  work  in  the  liver,  shows  a 
more  marked  rise  of  temperature.  Urine  in  mammals,  before  its 
escape,  is  hotter  than  blood ;  *  and  the  rich  supply  of  nerves  to  the 
adrenals  may  relate  to  the  calorific  functions  of  the  kidneys. 

The  production  of  heat  from  the  actions  of  organic  life  depends 
on  the  amount  of  material  for  the  support  of  such  actions — on  the 
quantity  of  oxidizable  substance  introduced  as  aliment  into  the 
body.  The  greater  \'igour,  activity,  waste,  or  wear  and  tear,  in 
the  warm-blooded  machinery  necessitate,  while  they  enable,  a 
greater  energy,  and  more  regular  and  rapidly  recurring  perform- 
ance of  the  digestive  functions ;  and  the  warm-blooded  differ  from 
the  cold-blooded  vertebrates  in  the  greater  amount  of  food  which 
they  consume,  and  the  shorter  intervals  between  the  times  of 
eating.  Warm-blooded  animals  exemplify  this  influence: — *  I 
weakened,'  says  Hunter,  ^  a  mouse  by  fasting,  and  then  intro- 
duced the  ball  of  the  thermometer  into  its  belly :  the  ball  being 
at  the  diaphragm,  the  quicksilver  rose  to  97°;  in  the  pelvis  to 
95°,  being  two  degrees  colder  than  in  the  strong  mouse.'  *  The 
difference  of  being  *  full '  or  *  fasting '  in  resisting  cold  is  a  matter 
of  common  experience. 

§  122.  Thermogenous  Results. — The  more  active  and  unremit- 
ting vital  combustion,  due  to  t]ie  above-defined  advanced  con- 
ditions of  the  nervous,  respiratory,  circulating,  digestive,  and 
muscular  systems,  keeps  iij)  a  constant  temj)erature,  as  a  general 
rule,  in  the  IIcBmatothermay  which  is  usually  so  much  higher 
than  that  of  the  surrounding  medium  as  to  cause  the  sensation 
of  warmth  to  the  hand  touching  the  body.  In  man  the  mean 
temperature  of  the  interior  of  the  body  is  100''  Fahr. ;  in  the  dog, 
101°;  in  the  ox,  100°;  in  the  mouse,  99°;  in  the  whale,  10.3°. 
In  Birds ^  the  mean  temperature  ranges  in  different  species  from 
106°  to  112°. 

The  heat-producing  powers  in  healthy  II(Pmatothermn  are  more 
active  as  the  surnmnding  medium  is  cooler; 'and  cold,  much 
below  freezing,  is  long  resisted,   and  habitually,  by  the  wann- 

'  iir.  100°  or  101°  Fahr.  as  against  97°  Fahr.;  (39.5,  ns  against  37  or  30  Cent.) 
'  xciv.  p.  145.     Sec  also  p.  16,  fur  a  f;imilur  illustration  of  los.s  of  heat  through 
starvation  in  dueks.  "  iv. 
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4  ANATOMY   OF   VERTEBRATES. 

blooded  denizens  of  arctic  and  antarctic  zones.  The  nature  of 
the  external  covering  has  much  influence  in  this  resistance, 
whether  it  be  the  thick  layer  of  subcutaneous  fat  in  the  whale- 
tribe,  the  fur  and  hair  of  the  quadruped,  or  the  down  and  feathers 
of  the  bird.  Save  in  the  case  of  mankind  and  the  whalekind, 
the  warm-blooded  Vertebrate  may  be  distinguished  at  a  glance 
from  the  cold-blooded  one  by  the  non-conducting,  heat-preserving, 
nature  of  its  clothing,  which  is  *  hair,'  as  a  general  rule  in  Mam- 
mals, and  *  feathers '  in  Birds. 

There  are,  however,  gradations  of  the  heat-maintaining  power 
in  the  Hmmatotherma.  Some  Mammals,  e.  g.  the  Alpine  Marmot, 
the  Hamster,  the  Squirrel,  the  Dormice  {Myoxus\  the  Porcupine, 
the  Virginian  Opossum,  at  the  approach  of  winter-cold,  seek  a 
retreat,  fall  into  a  deep  sleep,  and  lose  from  1 0°  to  20°  Fahr.  of 
heat.  In  the  Squirrel,  e.  g.,  the  heat  of  the  body  has  been  found 
to  sink  from  98°  to  78°.  Respiration  is  continued,  though  slowly, 
in  these  winter-sleepers.  The  Hedgehog  {Erinaceus)  and  the 
Bat  {Vespertilioy  Linn.)  fall  into  a  deeper  and  more  lasting 
torpor ;  in  which  breathing  is  suspended,  and  a  slow  and  languid 
circulation  is  the  sole  sign  of  animation.  In  the  Bat,  the  heart's 
pulsations  fall  from  200  in  a  minute,  as  when  in  active  wake- 
fulness, to  30  in  a  minute,  during  torpidity ;  the  blood  being 
then  in  a  dark  venous  state,  and  the  temperature  of  the  body 
down  to  40°.  In  this  condition  these  Insectivora  survive  the 
season  during  which  their  allotted  food  is  unattainable.  In  the 
tropics  some  allied  species,  e.  g.  the  Tenrecs  (  Centetes)  fall  into  a 
similar  torpidity,  without  the  excitement  of  a  freezing  cold,  during 
the  season  unfavourable  to  the  presence  of  their  food. 

The  feeble  and  inactive  young  Hcdmatotherma  use  up  less 
oxygen  than  adults ;  and,  when  exposed  to  cold,  lose  their  heat, 
and  also  their  sensibility,  differing  in  this  latter  respect  from  the 
hybemators.  The  least  touch  to  a  spine  of  a  torpid  Hedgehog 
rouses  it  to  draw  a  deep  sonorous  inspiration :  the  merest  shake 
induces  respiration  in  the  torpid  Bat. 

In  all  these  instances  of  loss  of  power  to  preserve  the  average 
mammalian  temperature,  the  physiological  conditions  of  the 
species  approximate  more  or  less  to  those  of  the  cold-blooded 
animals ;  and  it  is  interesting  to  observe  that  the  winter-8lce])ing 
and  torpid  Mammals  are  those  which  most  resemble  reptiles  in 
their  cerebral  organisation  :  they  are  also  of  small  size.  Whether 
the  Edentata  and  Monotremata  would  become  toqiid,  and  so 
accommodate  themselves  to  other  than  their  native  climates  is  a 
question  well  worthy  of  experimental  determination. 
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No  approach  to  torpidity  with  loss  of  animal  temperature  has 
been  determined  to  take  place  in  any  bird.  The  insectivorous 
kinds  migrate — Swifts  and  Swallows,  e.  g.,  to  and  fro  between 
England  and  Africa ;  and  migration  is  performed  by  numerous 
other  birds  in  relation  to  localities  furnishing  the  food  most 
appropriate  for  the  nourishment  of  their  newly-hatched  young. 
Experiments  have  failed  to  induce  torpidity  in  birds  through 
artificial  cold 

§  123.  Characters  and  Orders  of  Birds. — The  two  Ha^mato- 
thermal  classes  Aves  and  Mammalia^  are  defined  in  vol.  i.  p.  6 ; 
and  I  here  proceed  to  a  fuller  exi)08ition  of  the  avian  charac- 
teristics, and  of  the  modifications  on  which  the  class  has  been 
diWded  into  orders  or  other  primary  groups. 

Birds  constitute  a  class  of  oviparous  vertebrate  animals,  with 
warm  blood,  a  double  circulation,  and  a  covering  of  feathers. 
They  are  organised  for  flight,  and  as  this,  the  fleetest  and  most 
\4gorous  kind  of  locomotion,  demands  the  greatest  energy  in  the 
contractility  of  the  muscular  fibre,  so  the   respiratory  function 


finds  its  highest  developement  in  the  present  class.  Not  only  the 
ramifications  of  the  pulmonary  artery,  but  many  of  the  capillaries 
of  the  systemic  circulation,  from  the  singular  extension  of  the 
air-cells  through  the  body,  are  submitted  to  the  influence  of 
the  atmosphere,  and  hence  Birds  may  be  said  to  enjoy  a  double 
respiration. 

Although  the  heart  resembles  in  some  particulars  that  of  the 
Reptilia^  the  four  cavities  are  as  distinct  as  in  the  Mammalia ^  but 
they  are  relatively  stronger,  their  valvular  mechanism  is  more 
perfect,  and  the  contractions  of  this  organ  are  more  f()rcil)lc  and 
frequent  in  Birds  in  accordance  with  their  more  extended  respi- 
ration and  their  more  energetic  muscular  actions. 

As  Birds  exceed  Mammals  in  the  activity  of  those  functions  on 
which  the  waste  and  renovation  of  the  general  system  more 
immediately  depend,  so  they  possess,  as  has  been  shown,  a  higlier 
standard  of  animal  heat. 
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The  modification  of  the  tegumentary  covering  characteristic  of 
the  present  class  is  to  be  regarded  rather  as  dependent  upon, 
than  occasioning,  this  high  degree  of  internal  temperature,  which 
requires  for  its  due  maintenance  against  the  agency  of  external 
cold  an  adequate  protection  of  the  surface  of  the  body  by  means 
of  non-conducting  doT\Ti  and  imbricated  feathers ;  and  this  wami 
clothing  is  more  especially  required  to  meet  the  sudden  variations 
of  temperature  to  which  the  bird  is  exposed,  when  soaring  in  the 
higher  regions  of  air  and  stooping  to  the  earth,  during  rapid  and 
extensive  flights. 

The  generative  product  is  excluded  from  the  oviduct  in  an 
undeveloped  state,  inclosed,  in  a  liquid  form,  within  a  calcareous 
case  or  shell.  Collision  of  two  brittle  eggs  in  transitu  is  obviated 
by  the  female  organs  being  developed  only  on  the  left  side  of  the 
l)()dy.  The  ovum  is  subsequently  perfected  by  means  of  incuba^ 
tioHy  for  which  action  the  bird  is  especially  adapted  by  its  high 
degree  of  animal  heat. 

Birds  fonn  the  best  characterised,  most  distinct,  and  natural 
class  in  the  whole  animal  kingdom,  perhaps  even  in  organic 
jiature.  They  present  a  constancy  in  their  mode  of  generation 
and  in  their  tegumentary  covering,  which  is  not  met  with  in  any 
other  of  the  vertebrate  classes.  No  species  of  Bird  ever  deviates, 
like  the  whales  among  Mammals,  the  serpents  among  Keptiles, 
and  the  eels  among  Fishes,  from  the  tetrapodous  type  charac- 
terising the  vertebrate  division  of  animals. 

The  anterior  extremities  are  constructed  according  to  that  plan 
which  best  adapts  them  for  the  actions  of  flight ;  and  although,  in 
some  few  instances,  the  developement  of  the  wings  proceeds  not 
so  far  as  to  enable  them  to  act  upon  the  surrounding  atmosi)herc 
with  suflScient  power  to  overcome  the  counteracting  force  of 
gravity ;  yet,  in  these  cases  they  assist,  by  analogous  motions, 
the  posterior  extremities:  either,  as  in  the  ostrich,  by  beating 
the  air  while  the  body  is  carried  swiftly  forward  by  the  action  of 
the  i)owerful  legs ;  or,  as  in  the  penguin,  by  striking  the  water 
after  the  manner  of  fins,  and  by  the  resistance  of  the  denser 
medium  C4irrying  the  body  through  the  water  in  a  manner  analo- 
gous to  that  by  which  the  birds  of  flight  are  borne  through  the 
air.  In  a  few  exceptions,  as  the  cassowary  and  apteryx,  the  wings 
arc  outwardly  represented  by  a  few  quills  or  a  small  claw  In  no 
instance  do  the  anterior  extremities  take  any  share  in  stationary 
supiK)rt  or  in  prehension. 

Birds  are  therefore  biped,  and  the  operations  of  taking  the 
food,  cleansing  the  ])linnage,  &c.,  are  almost  exclusively  perfonne<l 
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by  means  of  the  mouth,  which  consists  of  two  lipless  and  tooth- 
less jaws,  sheathed  with  horn.  To  facilitate  the  prehensile  and 
other  actions  thus  transferred  to  the  head,  the  neck  is  elongated, 
and  the  body  generally  inclined  forward  and  downward  from  the 
hip-joints.  The  thighs  are  accordingly  extended  forward  at  an 
acute  angle  from  the  pelvis  toward  the  centre  of  the  trunk,  and 
the  toes  are  lengthened  and  spread  out  to  form  an  adequate  base 
of  support.  The  actions  of  perching,  walking,  hopping,  running, 
scratching,  burrowing,  wading,  and  swimming,  require  for  their 
perfect  performance  different  modifications  of  the  j^stcrior  extre- 
mities. The  mandibles,  again,  present  as  many  varieties  of  fonn, 
each  corresponding  to  the  nature  of  the  food,  and  in  some  degree 
indicative  of  the  organisation  necessary  for  its  due  assimilation. 
Ornithologists  have,  therefore,  founded  their  divisions  of  the  class 
chiefly  on  the  modifications  of  the  bill  and  feet.  Since,  however. 
Birds  in  general  are  associated  together  by  characters  so  peculiar, 
definite,  and  unvarying,  it  becomes  in  consequence  more  diflftcult 
to  separate  them  into  subordinate  groups,  and  these  are  neces- 
sarily more  arbitrary  and  artificial  than  are  those  of  the  other 
vertebrate  classes. 

A  biliary  diWsion  of  the  class '  may  be  founded  on  the  condititm 
of  the  newly-hatehed  young,  which  in  some  orders  are  able  to 
run  about  and  provide  food  for  themselves  the  moment  they  (piit 
the  shell  (Aves  prcecoces) ;  while  in  others  the  young  are  excluded 
feeble,  naked,  blind,  and  dependent  on  their  parents  for  support 
{Aves  altrices), 

Nitzsch*  grouped  together  the  feathered  tribes  under  three 
series,  according  to  the  great  divisions  of  the  terraqueous  globe 
which  form  respectively  the  principal  theatres  of  their  actions. 
The  first  order  consists  of  the  birds  of  the  air,  Aves  aerece  (Luft- 
vogeln) ;  the  second  embraces  the  birds  of  the  land,  Aves  terrestres 
(Erdviigeln);  the  third  includes  the  birds  which  frequent  the 
waters,  Aves  aquaticce  (Wasser-vogeln).  The  eagle  and  lark 
exemplify  the  first ;  the  ostrich  and  common  fowl  the  second ; 
the  heron  and  the  gull  the  third,  of  these  extensive  divisions  of 
the  class. 

Vigors  *  proposed  a  more  definite  system  u])on  a  similar  j)rin- 
ciple,  distributing  Birds  into  five  orders.  The  first  includes 
those  which  soar  in  the  upper  regions  of  the  air,  which  build  their 
nests  and  rear  their  young  on  high  cliffs  or  lofty  trees ;  they  are 
the  chief  of  aerial  birds  and  fonn   the  onler  termed  fiaptores, 

'  vir.  p.  265.  ^  viir.  •  ix  . 
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from  the  rapacious  habits  and  animal  food  of  the  speciee  so 
grouped  together. 

The  second  order  affects  the  lower  regions  of  the  air :  the  birds 
composing  it  arc  peculiarly  arboreal  in  their  habits^  and  arc, 
therefore,  termed  *  Perchers,'  Insessores. 

The  third  order  corresponds  with  Nitzsch's  Aves  terrestres,  and 
is  denominated  Rasoresy  from  their  general  habit  of  scratching  up 
the  soil  in  quest  of  food. 

By  dividing  his  Aves  aquaticce  into  those  which  wade  to  obtain 
their  food,  and  into  those  which  swim,  we  get  the  two  remaining 
orders  of  the  quinary  arrangement  —  viz.  the  Grallatores  and 
Natatores.  The  merit  of  this  system  mainly  lies  in  the  endeavour 
to  trace  the  natural  affinities  of  the  several  families,  and  show 
how  they  pass  one  into  another  to  form  a  connected  circular 
whole. 

The  Raptores  of  Vigors  answers  to  the  Accipitres  of  Linnaeus 
and  Cuvier ;  the  Insessores  to  the  Passeres  and  Pici  of  Linnseus, 
and  to  the  Passeres  and  Scansores  of  Cuvier ;  the  Rasores  to  the 
GallincB  of  Linnaeus,  plus  the  ColumbcBy  and  to  the  Gallinacece  of 
Cu\dcr;  the  Grallatores  to  the  Grallce  of  Linnaeus  and  Cuvier; 
the  Natatores  to  the  Anseres  of  Linnaeus,  and  the  Palmipedes  of 
Cu\'icr. 


AVES  (Birds). 

Class-characters. 

Animaly  vertebratcd,  o\iparous,  biped. 
Pectoral '  limbs  organised  for  flight. 
Integumenty  plumose. 
Bloody  red,  warm. 

Respiration  and  circulation^  double. 
LungSy  fixed,  perforated. 

Negative  Characters^  no  ear-conchs,  lips,  teeth,  epiglottis,  dia- 
phragm, fornix,  corpus  callosum,  scrotum. 

The  foUoAving  are  the  orders,  with  their  characters  and  sample 
families,  adopted  as  most  convenient  for  the  purpose  of  the  present 
work : — 

^   CCCXLVIII. 
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Order  I.     NATATORES. 

Swimming  Birds.  Toes  united  by  a  membrane,  fig.  2.  Legs 
placed  behind  the  equilibrium,  and  body  covered  with  a  thick  coat 
of  down  beneath  the  feathers. 

Fam.  1.  BrevipennatcB.     Ex.  Penguin,  Auk,  Guillemot,  Grebe. 

2.  LongipennatcB.     Ex.  Skinuner,  Tern,  Mew,  Gull,  Petrel, 

Albatross. 

3.  TotipalmatiB.      Ex.  Pelican,  Gannet,  Cormorant,  An- 

hinga.  Frigate  Bird,  Tropic  Bird. 

4.  LamellirostratcB.     Ex.  Duck,  Goose,  Swan,  Flamingo. 


Webbed  foot  of  Pollcan. 


Head  and  wading  log  of  the  Curlew. 


Order  II.     GRALLATORES. 

Wading  Birds.     Legs  long,  naked  from  above  the  distal  extre- 
mity of  the  tibia  downwards,  fig.  4. 

Fam.  1.    Macrodactyli.        Ex.    Coot,    Rail,    Crake,    Screamer, 
Jacana. 

2.  Cultrirostres.     Ex.  Boatbill,  Crane,  Heron,  Ibis,  Stork, 

Tantalus,  SjKwnbill. 

3.  Longirostres.     Ex.  Gambet,  Avocet,  Snipe,  Ruff,  Turn- 

stone, SandpijKjr,  Godwit,  Curlew,  fig.  3. 

4.  Pressirostres.      Ex.    Oystercatcher,    Thicknee,    Plover, 

Lapwing,  Bustard,  Courser. 
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Order  III.     RASORES. 

Scratching  Birds.  Feet  strong,  provided 
with  obtuse  claws  for  scratching  up  grains, 
etc.  Upper  mandible  vaulted ;  nostrils 
pierced  in  a  membranous  space  at  the  base, 
and  covered  by  a  cartilaginous  scale,  fig.  5. 
Nest  rude.  Sternum  with  four,  rarely  two, 
deep  fissures. 

Suborders. 

Gallinacei  or  Clamatores;  Polygamous.  J^x,  Megapode,  Pea- 
fowl, Partridge,  Quail,  Pheasant,  Ganga,  Grouse, 
Pintado,  Tinamti,  Turkey,  Curassow,  Guan. 

Cohimhacei  or  Gemitores ;  Monogamous.  Ex.  Dove,  Goura, 
Vinago. 


PinUdo  or  Gulnea-fowL 


Order  IV.     CANTORES  (Oscines). 

Singing  Birds.     Legs  short  and  slender,  T\dth  three  toes  before 
and  one  behind,  the  two  external   toes  being 
^  united  by  a  very  short  membrane,  fig.  6.     Ster- 

num with  one  hind-notch  on  each  side,  manu- 
brium bifurcate,  fig.  15;  larynx  5 — muscular. 
The  brain  arrives  in  this  order  at  its  greatest 
proportional  size,  and  the  organ  of  voice  here 
attains  its  utmost  complexity.  Nests  complex ; 
eggs  usually  coloured.     Monogamous. 

Fam.  1.  Dentirostres,      Ex.    Manakin,    Shrike,  Wren,  Wagtail, 
Warbler,  Thrush. 

Conirostres.     Ex.  Paradise  Bird,  Crow,  Starling,  Bun- 
ting, Tit,  Lark,  Finch,  Grosbeak. 

Tenuirostres.     Ex.  Sunbird,  Nuthatch,  Creeper. 

Fissirostres.     Ex.  Swallow,  Martin. 


Foot  of  Pcrcher, 


2. 

3. 
4. 


Order  V.     VOLITORES. 

Moving  solely  by  flight.  Skeleton  light  and  highly  pneumatic ; 
sternum  with  a  simple  manubrium,  and  a  deep  keel ;  in  some  en- 
tire, fig.  18,  in  most  with  two  hind-notches  on  each  side,  fig.  20  ; 
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larynx  trimuscular ;  intestinal  caeca  usually  absent,  or  large; 
wings  powerful,  in  some  long  and  pointed ;  legs  small  and  weak, 
with  few  exceptions  not  used  in  locomotion ;  with  the  back  toe 
I  short,  sometimes  turned  forward  {Cypselus)^  or  wanting 
(CVyor);  the  outer  toe  ii?  is  reversible  in  some  (Troffofi),  in 
others  united  to  the  mid-toe  iVi,  as  far  as  the  penultimate  joint, 
fig.  7.  Many  nidificate  in  holes  of  trees,  or  in  the  earth ;  the 
eggs  are  white  and  subspherical.     They  are  monogamous.     The 


ByiidactylooA  foot  of  Kiiiglliiber. 


^«ii»orial  foot  of  Woodpecker. 


hea<l  is  large,  and  in  most  the  beak  is  remarkable  for  its  length  or 
mdth,  or  both.     The  gape  is  wide  ;  the  food  taken  on  the  wing. 

Fam.  1.  Cypselid(B,  Ex.   Swift. 

2.  TrochilidcB.     Ex.     Humming-bird. 

3.  CaprimulfjidcR.     Ex.  Nightjar. 

4.  TrogonidcB.  Ex.  Trogon. 

5.  PrionitidcB.  Ex.  Mot-mot. 

6.  MeropidcB.  Ex.  Bee-eat<jr. 

7.  GalbulidcB.  Ex.  Jacamar. 

8.  CoraciadcB.  Ex.  Roller. 

9.  CapitonidfB.     Ex.  Puff-binl. 

10.  Alcedinidce.     Ex.  Kingfisher, 

11.  BncerotidcB.     Ex.  Hornbill. 


Order.  VI.     SCANSORES. 

Climbing  Birds.  Toes  arranged  in  pairs,  two  before  and  two 
behind,  fig.  8.  Most  oviposit  in  holes  of  decayed  trees.  Larynx 
trimuscular.     Monogamous. 
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Fam.  1.  BamphastidcB,     Ex.  T6can, 

2.  BucconidcB.     Ex.  Barbet. 

3.  CuculidcB.     Ex,  Cuckoo. 

4.  PicidcB,     Ex,  Woodpecker. 

5.  Musophagid(B.     Ex.  Touraco  or  Plantain-eater. 

6.  Coliid(B.     Ex.  Coly. 

7.  Psittacidce,     Ex.  Parrot. 


Order  VII.     RAPTORES. 

Rapacious  Birds.  Beak,  strong,  curved,  sharp-edged,  and 
sharp-pointed,  fig.  9  ;  legs  short  and  robust,  with  three  toes  before 
and  one  behind,  armed  with  long,  strong,  crooked  talons,  fig.  10. 


Head  of  Eagle. 


Raptorial  foot  of  Eagle. 

Fam.  1.  Nocturnes.     Ex.  Owl. 

2.  Diurnes.     Ex.  Hawk,  Eagle,  Vulture. 

An  eighth  group  of  birds  has  been  characterised  under  the  name 
CuRSORES,  Coursers,  or  ^  Running-birds,'  *  by  the  arrested  deve- 
lopement  of  the  wings  unfitting  them  for  flight,  and  by  the  com- 
pensating size  and  strength  of  the  legs,  by  which  they  are  enabled 
to  run  swiftly  on  the  ground.  This  is  not,  however,  a  natural 
order ;  some  of  its  exponents  have  demonstrably  closer  aflfinities  to 
other  groups  of  which  they  are  wingless  members,  just  as  the 
Penguins  and  Auks  bear  relation  to  families  of  the  Natatorial 
order.  Thus  the  Notornis  is  a  modified  Coot.  The  Ostrich  bears 
the  same  relation  to  the  Bustards.  The  extinct  Didus  and  Pezo- 
phaps  are  most  nearly  allied  to  the  Columbaceous  group  of 
Rasores.  Apteryx  and  the  allied  extinct  Dhiornis  and  Palapteryx^ 
bear  aflSnity  to  the  Megapodial  family  of  Gallince. 

*  iVoceri,  lUig. ;  Plaiy8tenia:,Kiizsch;  StruthioniJa,  ViQv.rsi. 
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In  all  the  Cursorial  genera  the  Bternum  is  devoid  of  keel. 

Struthio  is  the  only  genus  of  birds  in  which 
the  toes  are  reduced  to  two,  fig.  11, 

In  like  manner  the  web-footed  order  is  an 
artificial  one,  including  derivatives  from  dif- 
ferent natural  groups  or  types ;  and  the  same 
may  be  said  of  the  order  including  the  birds 
that  have  the  legs  long  and  naked  above  the 
tarsal  joint.  ^         ^  ^^^  ,.^,,  „,  ^^^^^ 

Derivatively  the  class  of  Birds  is  most 
closely  connected  with  the  Pterosaurian  order  of  cold-blooded  air- 
breathers.  In  equivalency  it  is  comparable  rather  with  such  a 
group  than  with  the  Reptilia  in  totality,  or  with  the  Mammalia  ; 
and,  hence,  the  corresponding  inferiority  of  value  of  the  avian 
'  orders '  to  the  subdivisions  so  called  of  those  larger  classes. 

In  relation  to  time,  indications  of  Aves  date  as  far  back  as  those 
of  Pterosauria,  in  the  *  omithichnites '  or  foot  jmnts  of  the  New- 
Red  Sandstones,  for  example.'  The  lithographic  slates  of  a  later 
mezozoic  period  have  revealed  a  true  feathered  bird,*  wanting 
only  the  adaptive  modification  of  the  caudal  vertebrae  charac- 
teristic of  all  neozoic  birds,  even  those  of  the  oldest  tertiary 
strata,  in  which  fossil  remains  of  representatives  of  nearly  all  the 
j)re8cnt  orders  of  Aves  have  been  found.*  The  most  recent  in- 
stances of  extinction  of  species  are  of  the  birds  that  have  lost  the 
j)ower  of  flight ;  as,  e.g.,  the  gigantic  Moas  (Dinornis,  Palapteryxy 
Aptornisy  Cnemiornisy  of  New  Zealand ;  the  equally  gigantic 
Epyomis  of  Madagascar;  the  Dodo  {Didus)  of  the  Mauritius; 
the  Solitaire  (Pezophaps)  of  Rodriguez;  the  Gare-fowl  (Alca 
impennis)  of  Northern  shores  or  islands. 

Notwithstanding  the  characteristic  powers  of  locomotion  of  the 
class  generally,  it  is  amenable,  most  suggestively,  to  laws  of  geo- 
graphical distribution  and  limitation, 

*  xvn*.  pp.  5  and  324.  *  xv.  "  cxr.  ami  xviir.  p.  540, 
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CHAPTER  XIV. 


OSSEOUS    SYSTEM   OF   AVES. 


§  124.  General  Characters. — The  skeleton  of  Birds  is  remark- 
able for  the  rapidity  of  its  ossification  and  the  light  and  elegant 
mechanism  displayed  in  the  adaptation  of  its  several  parts.  The 
osseous  substance  is  compact,  and  exhibits  more  of  the  laminated 
and  less  of  the  fibrous  disposition  than  in  the  other  vertebrate 
classes.  This  is  more  especially  the  case  in  those  parts  of  the 
skeleton  which  are  permeated  by  the  air.  The  bones  which  pre- 
sent this  singular  modification  have  a  greater  proportion  of  the 
phosphate  of  lime  in  their  composition  than  is  found  in  the  osseous 
system  of  the  mammalia,  and  they  are  whiter  than  the  bones  of 
any  other  animal.  In  the  bones  where  the  medulla  is  not  displaced 
by  the  extension  of  the  air-cells  into  their  interior,  the  colour  is  of 
a  duller  white.  In  the  Silk-  or  *  black-boned  '  fowl  of  the  Tropics 
(  G alius  Morio,  Temminck),  the  periosteal  covering  of  the  bones  is 
of  a  dark  colour ;  but  this  is  a  peculiarity  of  the  cellular  rather 
than  of  the  osseous  texture,  which  does  not  differ  in  colour  from 
that  of  other  birds ;  indeed  the  thin  aponeurosis  covering  the 
lateral  tendons  of  the  gizzard  of  the  Silk-fowl  has  the  same  dark 
hue  as  the  membrane  which  invests  the  bones. 

§  125.  Dorsal  Vertebree. — The  modifications  of  the  common 
vertebrate  type  of  skeleton  required  by  the  exigencies  of  the  pre- 
sent class  are  extreme.  Anchylosis  so  fetters  the  vertebral  column 
that  from  no  part  can  a  single  segment  vnth  all  the  elements  be 
detached  without  using  the  saw.  The  skull  includes  four,  the 
sacrum  a  greater  number,  of  vertebrae,  of  more  or  less  of  which 
the  haemal  portions  alone  retain  freedom.  The  remaining  segments 
may  be  classified  as  *  cervical,'  *  dorsal,'  and  *  caudal ' :  in  the  first 
and  last  the  pleurapophysis,  if  present,  is  confluent  ^rith  the 
neural  arch :  in  the  dorsal  series,  the  pleur-  and  hasm-apophyses 
are  flexibly  articulated,  but  the  hajmal  spines  are  connate,  and 
represented  by  a  single  bony  plate. 
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First  tliroc  dnrmil  vfrU'lmr  nnd  Hrniiiilar 
arrii  uf  a  bird,  in  dla^rainrnatic  Ride  xlvw. 
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In  fig.  12,  is  given  a  sketch  of  three  dorsal  segments,  i,  2,  3, 
with  the  hsemal  arches,  52,  58,  of 
two  others.  In  the  first  and  se- 
cond dorsals  the  pleurapophyses  (  l 
and  s)  terminate  in  a  free  pointed 
end,  like  the  *  false  floating  ribs,'  of 
Anthropotomy ;  in  the  third,  the 
pleurapophysis,  ply  3,  articulates 
with  the  hasmapophysis,  h ;  and  this 
with  the  expanded  spine,  k  «,  which, 
in  connation  with  its  homotypes, 
constitutes  the  bone  called  *  ster- 
num,'yi  Every  succeeding  dorsal 
segment  has  the  haemal  arch  com- 
pleted by  bone. 

Fig.  13,  gives  a  diagrammatic  front  view  of  the  connate  dorsal 
or  thoracic  haemal  spines,  c,  s;  the  haimapophyses,  d,  of  five 
corresponding  segments,  and  also  a  modified  pair.  A,  A,  of  the  hiem- 
aix)physes  of  an  antecedent  segment. 

The  pleurapophyses,  pi,  a, 
of  the  dorsal  segment  are 
shown  in  connection  with  the 
centrum,  e,  and  neural  arch, 
n;  it  is  to  this  part  of  the 
segment  that  the  term  *  verte- 
bra,' is  commonly  restricted. 

The  dorsal  vertebraj,  thus 
defined,  rarely  form  more  than 
a  fourth  part  of  the  entire 
column,  and  in  some  of  the 
long-necked  Grallatoresy  as 
the  Stork  and  Flamingo,  fig. 
14,  form  only  an  eighth  part ; 
they  have  not  been  observed 
to  be  fewer  than  four  (in  some 
Vultures),  nor  more  than  nine 
throughout  the  class  ;  the  lat- 
ter number  obtains  in  the  Ap- 
teryx  :  the  most  common  numbers  are  six  or  seven. 

The  dorsal  vertebra?  are  shorter  than  most  of  the  cervicals,  and 
with  broader  neural  arches,  in  consequence  of  the  greater  deve- 
lopement  of  the  transverse  processes ;  but  their  bodies  l)ecome  much 
compressed,  and  in  some  Birds  are  reduced  almost  to  the  fonn  of 


Aiitorlor  vrrU'lim,  witli  other  Iispmal  arrhru  «f  dnmal 
or  tliorartc  region,  in  dlagranimatlc  front  view. 
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vertical  laminaB  towards  the  sacral  region  {Aptenodytesy  Caiar- 
rhactes) ;  but,  in  the  Ostrich,  the  bodies  of  the  dorsal  vertebne 
retain  their  breadth  throughout  the  series. 

The  bodies  are  united  by  capsular  ligaments  and  synovial  mem- 
branes; the  anterior  articular  cartilaginous  surface  is  convex  in 
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the  vertical  direction,  and  concave  in  the  transverse ;  the  posterior 
surface  is  the  reverse.  The  Penguins  and  Auks,  however,  present 
an  exception  to  this  rule :  the  pos?terior  surface  of  the  second  or 
third  dorsal  vertebra  is  concave,  to  which  the  opposed  end  of  the 
succeeding  vertebra  presents  a  e()rresiH)nding  convexity ;  the 
*  opisthoca?Han '  ball-and-socket-joint  is  continued  between  the 
centrums  to  the  last  dorsal.*  In  many  Birds  the  bcnlies  of  some  of 
the  middle  dorsal  vertebne  are  anchylosed  together;  and  in  gene- 
ral those  which  are  nearest  the  sacrum.     In  the   Flamingo,  fig. 


*  vii.  II.  270,  and  x.  \A,  52,  figs.  50,  51. 
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14,  the  anchylosis  extends  from  the  second  to  the  fifth  dorsal  ver- 
tebra. In  the  Sparrow-hawk,  the  same  vertebraj  arc  consolidated 
into  one  piece,  while  the  sixth  enjoys  considerable  lateral  motion, 
both  upon  the  fifth  and  seventh,  which  last  is  anchylosed  to  the 
sacrum ;  so  that  the  body  can  be  rapidly  and  extensively  inflected 
toward  either  side  during  the  pursuit  of  prey. 

From  some  or  most  of  the  dorsal  centrums  inferior  jirocesses 
(hypapophyses)  are  sent  down,  for  extensive  and  favourable  origin 
of  tiie  flexor  muscles,  longi  colli  and  recti  antici,  of  the  neck.  In  a 
vulture  ( Gi/ps  fulvus)  the  hypapophysis  is  a  low  median  ridge  in 
the  first  and  second  dorsals;  to  this,  in  the  third  dorsal,  is  added 
a  pair  of  outstanding  depressed  plates :  in  the  fourth  the  pair  of 
plates  are  smaller,  and,  with  the  medial  ridge,  are  sup]>orted  on  a 
cx)mmon  stem:  in  the  fifth  dorsal,  the  hypa])ophysis  is  again 
reduced  to  a  median  compressed  plate,  but  it  is  exi)anded  at  the 
end ;  the  vertebra,  which  by  anchylosis  has  become  the  foremost 
sacral,  has  a  similar  but  stronger  and  slightly  bifurcate  hypa]M)phy- 
sis.  In  both  Vultures  and  Eagles  the  parial  hypapophyses  arc  seen 
to  be  due  to  modified  parapophyses,  which  descend  and  are  ]>«>- 
gressively  lost  in  the  median  hypapophysis  of  the  fourth  and  fifth 
dorsals  {Harpei/a,  Cuv.) ;  the  sixth  and  seventh  have  only  the 
low  median  ridge.  The  parapophysial  pairs  of  inferior  processes 
are  broad  divergent  plates  in  the  anterior  dorsals  of  Aptenodytes^ 
and  Alca^y  and  subside  upon  the  large  and  long  compressed  median 
hypapophysis  which  characterises  the  posterior  dorsals.  The 
imusual  developement  of  these  inferior  processes  relates  to  the  size 
and  strength  of  the  subvertebral  muscles,  which  combine  with 
other  muscles  of  the  trunk  in  the  shuffling  movement  by  which 
the  Penguin,  like  the  seal,  makes  ])rogress,  prone,  upon  dry  land. 
In  the  anterior  dorsals  the  parapo])hysis,  besides  forming  the  arti- 
culation for  the  head  of  the  rib,  sends  off*  a  muscular  process  sul>- 
ject  to  the  modifications  above  mentioned:  the  diapophysis  is 
larger  and  more  constant  in  character ;  it  is  extended  from  before 
backward,  is  horizontally  flattened,  and  forms  the  surface  for  the 
joint  of  the  tubercle  of  the  rib  at  a  small  part  of  its  outer  border : 
a  metapophysial  ridge  is  developed  from  the  upper  surface,  and  is 
frequently  produced  into  filaments  coalescing  with  those  of  conti- 
guous dorsals.  The  pneumatic  foramina  are  at  the  back  ])art  of 
the  base  of  the  diapophyses.  The  zygapophyscs  are  small,  the  front 
pair  look  upward  and  inward;  the  back  pair  outward  and  downward ; 
the  latter  often  support  anajmphysial  ridges.    The  neural  spine  is  a 

»  X'.  pi.  61,  fig.  AS,h,h.  «  XIV. 
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compressed  quadrate  plate,  its  truncate  summit  is  often  thickened, 
sometimes  produced  forward  and  backward  to  fix  the  vertebraj 
from  their  highest  points ;  ossified  tendons  of  spinal  muscles,  also, 
aid  the  coalesced  spinous  and  transverse  processes  in  fixing  part  of 
the  dorsal  region,  but  only  in  birds  of  powerful  flight,  and  not  in 
all  such.  The  partial  anchylosis  of  the  dorsal  region  is  associated 
in  Falcons  with  their  *  hovering '  action.  The  pleurapophyses 
or  *  vertebral  ribs '  articulate  moveably  to  the  dorsal  vertebra;,  as 
also  to  the  anterior  sacral,  when  developed  there  to  form  part  of 
the  compages  of  the  *  chest.'  In  the  first,  and  usually  the  second 
dorsal,  they  are  free,  pointed,  floating  ribs,  fig.  12,  i,  2,  fig.  13,  pL  ; 
they  articulate  with  bony  *  haemapophyses  '  or  *  sternal  ribs,'  ib.,  h, 
rf,  in  the  remaining  dorsals.  As  the  vertebral  ribs  are  placed  more 
backward,  the  neck  or  pedicle  supporting  the  head  elongates,  and 
this  articulates  with  the  parapophysial  surface  or  tubercle,  close 
to  the  anterior  border  of  the  centrum ;  rarely,  as  in  the  Penguin  * 
and  Ostrich,  encroaching  upon  the  intervertebral  space.  The 
tubercle  of  the  rib  is,  in  most,  supported  on  an  elongate  compressed 
base,  and  articulates  by  a  synovial  joint  with  the  diapophysis. 
The  body  of  the  rib,  where  formed  by  the  union  of  the  two  arti- 
cular processes,  is  compressed,  or  thin  from  side  to  side,  but  broad 
from  within  outward;  but  the  outer  margin  soon  expands  both 
forward  and  backward  beyond  the  compressed  part  of  the  body  of 
the  rib ;  this  part,  as  the  rib  extends  down,  subsides,  the  outer 
margin  maintaining  or  increasing  its  breadth,  and  forming  the  rest 
of  the  rib,  giving  to  it  a  flattened  surface  externally.  This  is  the 
common  but  not  constant  character  of  the  dorsal  pleurapophyses. 
These  ribs  are  broadest  in  proportion  to  their  length  in  the 
Apter  1/x, ^  nsirrowcst  and  also  longest  in  the  Guillemots  and  Auks^; 
they  are  slender  in  most  Insessores  ;  broad  and  strong  in  Raptores. 
The  second,  third,  and  fourth  ribs  are  partially  and  remarkably 
expanded  in  Wood-peckers.  In  all  birds  the  end  of  the  vertebral 
rib  articulating  with  a  sternal  one  is  thickened  to  form  the  sub- 
convex  surface  of  the  synovial  joint.  There  may  be  several  mi- 
nute pneumatic  foramina,  but  the  most  constant  and  conspicuous 
is  below  the  tubercle. 

An  *  epipleural '  appendage,  fig.  12,  a,  is  attached  to  most,  if  not 
all,  the  moveable  pleurapophyses  between  the  first  and  last,  and 
consequently  may  be  found  in  the  pair  of  which  the  centrum  has 
become  part  of  the  sacrum.  These  appendages  are  oblong  flat 
bones,  varying  in  the  proportions  of  length  and  breadth  in  dif- 
ferent species,  and  also  in  their  mode  of  union  to  their  rib:  they 

'  X-.  pi.  52,  fig.  48.  «  X1-.  pi.  54.  *  xir. 
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are  directed  upward  and  backward,  usually  overlapi)in<5  the  suc- 
ceeding rib.  In  the  A])teryx  they  occur  in  the  second  to  the 
eighth  pair  of  ribs  inclusive,  and  are  articulated  by  a  broad  base 
to  a  fissure  in  the  hind  border  a  little  below  the  middle  of  the 
rib:  those  belonging  to  the  third — sixth  ribs  are  the  largest  and 
overlap.  The  articulations  of  the  appendages  persist  in  other 
wingless  birds,  including  the  Penguins  and  Auks ;  also  in  some 
birds  of  flight :  the  Raptores  well  exemplify  the  coalescence  of  the 
appendage  with  its  rib.  The  appendages  to  some  of  the  ribs  in 
Picui  are  broader  than  they  are  long :  the  length  much  exccetls 
the  breadth  in  some  Natatores  {Uria,  Larus)  and  Gralla tores 
{Il(Bniatopu8j  Phanicopterusy  pL  14). 

The  moveable  haemai)ophyses,  or  sternal  ribs,  usually  begin  at 
the  third,  sometimes  the  second,  rarely,  as  in  the  Emeu,  at  the 
fourth  pair,  more  rarely,  as  in  the  Cassowary,  at  the  fifth  pair,  of 
the  moveable  pleurapophyses ;  a  pair  of  sternal  ribs  may  also 
exist  answering  to  the  segment  succeeding  the  last  of  those  which 
have  the  long  and  moveable  vertebral  ribs  ( Vultur).  The 
common  number  of  such  hajmai)ophy8es  is  six  pairs,  of  which  the 
first  five  articulate  with  the  sternum ;  the  last  usually  having  its 
sternal  end  attached  to  the  antecedent  one.  The  ha;maiK)physe8 
are  longest,  most  slender  and  most  numerous  in  the  Guillemots 
and  Auks.  There  are  eight  pairs  in  Phalerusy  Temm. ;  seven 
pairs  in  Uria.  In  Rhea  and  Dinornis  elephantopus  but  three  pairs 
of  hsemapophyses  articulate  with  the  sternum.  The  sternal  ribs 
progressively  increase  in  length  from  the  first  to  the  [)enultiinate, 
and  converge  towards  the  costal  border  of  the  sternum,  where 
they  articulate  with  transverse  elevations  divided  by  narrow 
depressions.  Their  upper  end  is  but  little,  if  at  all,  expanded, 
and  its  articular  surface  is  subconcave ;  their  lower  or  sternal  end 
is  expanded  from  within  outward,  subcompresse<l  from  before 
backward,  and  here  is  usually  found  the  pneumatic  foramen.  In 
the  ostrich  the  sternal  end  supports  two  distinct  articular  surfaces, 
each  having  its  own  capsular  and  synoWal  articulation  with  part 
of  the  costal  eminence.*  The  joint  between  the  pleur-  and  hiem- 
apophyses  is  also  synovial  and  capsular.  This  is  the  main  centre 
upon  which  the  respiratory  movements  hinge,  the  angles  between 
the  vertebral  and  sternal  ribs  and  between  these  and  the  sternum, 
becoming  more  open  in  inspiration  when  the  sternum  is  de- 
pressed, and  the  contrary  when  the  sternum  is  ai)proximated  to  the 
dorsal  r^on  in  expiration.  In  some  birds,  chiefly  of  the  terres- 
trial or  aquatic  kinds,  the  vertebral  and  sternal  portions  of  one  or 

*  xz*.  i.  p.  54,  na  254. 
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other  across  the  midUne  in  some  GrallcB  (Ardea) ;  and  in  a  slight 
degree  in  some  diurnal  Raptores.  The  borders  of  the  coracoid 
grooves  show  modifications  characteristic  of  genera  and  species.* 
In  the  Albatross  the  coracoid  grooves  extend  to  the  outer  angles 
of  the  sternum,  between  h  and  *,  fig.  13.  In  most  Birds  with 
a  like  extent  of  groove  the  upper  or  inner  border  is  developed 
behind  and  beyond  it  into  a  *  costal  process : '  but  the  coracoid 
grooves  do  not  reach  the  outer  angle  in  many  Birds,  and  the 
angle  itself  is  then  produced  to  form  the  process,  figs.  15,  19  and 
20,  d.  It  is  long  and  slender  in  some  Rasores  (Perdix) ;  short 
and  broad  in  most  Raptores :  but,  in  many  birds  it  is  represented, 
as  in  the  Eagles,  merely  by  the  angle  between  the  anterior  and 
costal  borders.  On  an  average  about  half  of  the  lateral  margin 
of  the  sternum  is  adapted  for  articulating  with  the  dorsal  haema- 
pophyses,  figs.  13,  h  d  and  15,  h:  but,  when  the  sternum  is  long, 
the  '  costal  border,'  fig.  15,  c,  is  shorter;  and  when  the  sternum  is 
short  it  occupies  a  larger  extent  of  the  lateral  margin.  The  part 
of  the  bird's  sternum  answering  to  that  of  Mammals  is  included 
between  the  costal  borders,  fig.  16,  c,  c:  the  rest  corresponds  witii 
the  *  xiphoid '  prolongation.  Thus  the  Apteryx,  Emeu,  and  Ostrich 
most  resemble  Mammals  in  the  proportions  of  the  costal  and  non  • 
costal  parts  of  the  sternum ;  whilst  in  most  birds  of  flight  the  non- 
costal  part,  fig.  15,  a,  /,  extends  along  that  part  of  the  great  visceral 
cavity,  which  would  be  similarly  defended  were  the  xiphoid  car- 
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tilage  to  be  produced  and  expanded  in  the  same  degree  in  Man. 
In  the  Crocodile,  where  it  ia  so  produced,  without  expanding, 

'  The  value  of  ihcse  and  other  sternal  characters  in  Palaeontology  n)ay  be  estimated 
by  reference  to  my  *  British  Fossil  Mammals  and  Birds,'  p.  549  {Lilhornis),  and  p. 
236  (Calobates), 
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thq  costal  borders  are  co-extended  therewnth,  fig.  56,  ]>.  68,  vol.  i. 
In  most  Gallincs  the  lateral  margins  of  the  sternum  are  deeply 
concave:  in  the  Guan  {Penelope)  almost  angularly  incised,  with 
the  costal  border  on  the  anterior  sIoik;.  In  the  Tinamou,  fig.  14, 
B,  the  long  margin  beyond  the  short  costal  border  is  convex :  in 
many  Waders  {Plataleay  Phoenicopterus^  fig.  14,  c)  and  Swimmers 
{I^ocellaria,  DiomedcRo)  the  lateral  borders  are  straight  and  paral- 
lel, or  nearly  so:  in  Rheay  Casuarius,  Dromaius,  Notornis^^g.  16, 
they  converge  to  the  hind  border :  in  most  birds  the  lateral  borders 
are  moderately  concave  and  diverge,  figs.  15  and  20.  The  costal 
border  is  thickened,  and  divided  by  the  transverse  articular  ridges 
for  the  haemapophyses  into  hollows,  which  usually  show  pneumatic 
foramina.  The  modifications  of  the  {wsterior  border  will  be  noticed 
in  connection  with  the  sternal  characteristics  of  orders,  or  other 
groups,  of  Birds. 

The  part  of  the  sternum  bearing  the  most  direct  relation  to  the 
force  with  which  the  pectoral  limbs  arc  worked  is  the  *keel,* 
figs.  18  and  19,  s.  In  order  to  afford  origin  to  the  accumulated 
fasciculi  of  the  pectoral  mus(!les,  which  otherwise  would  become 
blended  together  over  the  middle  of  the  sternum,  this  osseous  crest 
is  extended  downward,  analogous  to  the  cranial  crest  which  inter- 
venes to  the  temjwral  muscles  in  the  carnivorous  mammalia ;  and 
which,  in  like  manner,  indicates  the  power  of  the  bite. 

The  keel  varies  in  depth,  length,  ccmtour  of  the  front  and  lower 
borders,  and  degree  of  producticm,  freedom,  or  otherwise  of  the 
angle  between  those  borders.  The  keel  is  long  and  deep  in  the 
wingless  Auk  and  Penguin,  relating  to  the  mass  of  muscle 
working  the  fore  limbs  as  fins  in  these  excellent  and  habitual  divers: 
in  the  Penguin  both  the  free  borders  are  straight,  and  meet  at 
rather  an  acute  angle,  fig.  19.  The  keel  is  deep,  descending  ante- 
riorly far  below  the  furculum  in  most  Gallm<e :  it  is  remote  from 
the  furculum  in  Limosa,  Ihisy  Scolopax ;  but  touches  it  in  many 
other  Grallatores  {Othy  Pgophia,  Ciconia),  It  coalesces  with  the 
furculum  in  Grus  Virgo  and  Grus  Antigone ;  in  the  stilted  Vul- 
ture {Gypogeranus)\  in  the  Frigate-bird  {Tachgpetes);  also  in 
the  Pelican  {Onocrotaius),  Gannet  {Sula\  and  in  old  Cormorants 
(Carbo)j  the  fore  part  of  the  keel  being  much  produced  in  these 
Totipalmates.  The  keel  is  thick  in  the  few  birds  in  which  a 
fold  of  the  windpipe  penetrates  it ;  the  anterior  border  being 
excavated  to  admit  the  fold.  In  the  larger  Raptores  the  front 
border  of  the  sternum  is  rather  thick  and  subcarinate.  The  outer 
surface  of  the  sternum  shows  in  many  birds  a  *  carinal '  ridge,  a 
*  subcostal '  ridge  and  a  *  pectoral '  ridge,  the  latter  defining  the 
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origin  of  the  *  pectoralis  secundus.'  The  subcostal  ridge  varies 
in  its  distance  from  the  costal  border,  being  more  remote  in  Aquila, 
e.  g.  than  in  Uria :  the  pectoral  ridge  varies  in  position,  direction, 
and  extent.  In  the  Eagle  it  reaches  from  the  outer  end  of  the 
coracoid  groove  to  the  middle  of  the  base  of  the  keel.  In  the 
Razor-bill  {Alca  tor  da)  it  extends  from  the  costal  border  to  the 
posterior  sternal  notch ;  these  differences  relate  to  the  form  and 
proportion  of  the  pectoralis  secundus.  The  *  manubrium '  forms 
but  a  small  portion  of  the  sternum,  and  is  often  absent  or  rudi- 
mentary :  it  may  be  compressed,  spatulatc,  long  and  simple,  or 
bifurcate;  the  latter  is  its  character  in  all  Caniores,  fig.  15,  e. 

The  parts  of  the  sternum  of  the  Lizard,  fig.  17,  homologous 
with  parts  of  the  sternum  of  the  Bird  are  those  forming  the 
*  coracoid  groove,'  ib.  b,  the  *  costal  border,'  ib.  c,  c,  and  the 
median  bone,  59,  passing  forward  to  join  the  clavicles,  ib.  5S. 
The  broad  flat  bone,  including  the  first  two  parts,  exists  in  all 
birds ;  the  third,  or  *  episternal '  part,  is  wanting  as  a  distinct 
element,  but  it«  positions  and  connections  are  repeated  by  the 
exogenous  keel  and  *  manubrium.'  The  episternum,  moreover,  is 
not  present  in  all  Lizards :  it  is  wanting  in  the  Chameleons,  e.  g., 
in  which  the  sternum  partakes  of  the  simplicity  of  that  in  the 
Notornis,  fig.  16,  the  Apteryx  and  Emeu. 

In  the  Apteryx  the  anterior  border  of  the  sternum  between 
the  coracoid  grooves  is  concave,  and  the  posterior  border  has  a 
deep  and  wide  emargination  on  each  side.  In  the  Emeu  the 
coracoid  grooves  meet  at  the  middle  of  the  anterior  border ;  and 
the  sternum  contracts  posteriorly  to  an  obtuse  point  The  ster- 
num is  rhomboid,  also,  in  the  Cassowary :  it  is  broader  in  pro- 
portion to  its  length,  and  subquadrate  in  the  Ostrich.  In 
Notornis,  fig.  16,  the  costal  borders  converge  posteriorly,  as  in 
Lizards,  and  the  narrow  breast-bone  is  continued  as  a  *  xiphoid ' 
part,  gradually  contracting  to  a  blunt  point.  The  depressions,  60,  a, 
for  the  pectoral  muscles  are  separated  by  a  narrow  median  tract, 
expanding  anteriorly,  59,  and  showing  the  beginning  of  the  *  keel.' 
In  Brachypteryx^  the  keel  is  rather  more  prominent :  two  obtuse 
ridges  diverge  from  its  fore-part  to  the  coracoid  grooves,  between 
which  the  fore  margin  is  deeply  concave,  as  in  the  Apteryx. 
There  is  no  distinct  ossific  centre  for  the  keel  in  Brachypteryxy 
any  more  than  in  its  feebler  rudiment  in  Notornis.  In  all  these 
keel-less  sternums  ossification  begins,  as  in  the  Ostrich^,  by  a 
pair  of  centres  expanding  until  they  meet  and  coalesce  in  the 
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middle  line,  and  thence,  according  to  the  stimulus  of  the  growth 
and  pressure  of  the  pectoral  muscles,  extending,  as  a  keel,  into 
the  interspace.  A  separate  ossification  answering  to  the  epi- 
stemum  in  Lizards  and  Crocodiles  is  not  formed :  but  the  body  of 
the  sternum  with  the  keel  has  a  centre  distinct  from  that  of  the 
long  bifurcate  side-processes,  exceptionally,  in  Gallin(P, 

In  the  Penguins,  fig.  19,  the  sternum  is  long  and  narrow,  with 
a  deep  fissure, y,  on  each  side  of  the  posterior  border:  the  free 
borders  of  the  well-develope<l  keel  are  straight,  and  meet  at  an 
acute  angle,  which  almost  touches  the  furculum.  There  is  a 
short  manubrium,  ^,  behind  which  the  coracoid  grooves,  A,  meet. 


19 


Stcruum.  scapular  arch,  and  limb,  rciiKuin  (AjAenodyUt). 


In  the  Auks  and  Guillemots  the  sternum  *  is  very  long  and 
narrow ;  the  lower  border  of  the  keel  is  convex,  the  front  one 
concave  ;  the  manubrium  is  short  and  wedge-shaped ;  the  sternum 
is  entire  in  Alca  impennis ;  but  has  a  narrow  notch  on  each  side 
the  posterior  border  in  Alca  tor  da,  to  which  the  pectoral  ridge  ex- 
tends from  the  costal  border;  the  notches  are  converted  into  fora- 
mina in  Uria  and  PhalerU  pygm(Ba.  The  Loons  (  Colymbiis)  have 
a  similar  two-notched  sternum,  but  with  larger  costal  borders. 
In  the  Grebes  {Podiceps)^  the  sternum  is  broader ;  and  there  is  a 
median    notch  between  the   two  lateral  posterior  ones.     In  the 
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Skimmers,  Gulls,  and  Terns,  the  sternum  has  two  shallow  notches 
on  each  side  the  posterior  margin.  In  the  Petrels  and  Albatross 
the  posterior  border  is  feebly  incised  or  entire  and  the  sternum  ac- 
quires great  breadth,  especially  in  the  Albatross.  The  keel  reaches 
the  furculum  in  all  the  Longipennate  family.  In  the  Pelecanidce^ 
confluence  of  the  two  bones  usually  here  occurs ;  there  is  a  pair  of 
shallow  posterior  emarginations.  In  the  Lamellirostrals  the  ster- 
num is  both  large  and  long,  boat-shaped,  with  extensive  costal 
borders ;  the  keel  is  of  moderate  depth,  with  almost  straight  free 
borders,  excavated  for  tracheal  folds  in  some  swans ;  there  is  a 
short  notch  or  small  foramen  on  each  side  the  broad  posterior 
margin  in  all  the  Sifters ;  the  manubrium  curves  downward  in 
many.  The  Flamingo's  sternum  is  given  in  fig.  14,  c.  The  fore- 
going diversities  of  sternal  structure  in  the  web-footed  birds  indi- 
cate from  how  many  types  they  have  been  derived,  and  shows  the 
artificial  character  of  the  webbed-foot. 

The  same  testimony  is  borne  by  the  breast-bone  of  the  long- 
legged  birds,  from  which,  in  some  instances,  the  species  have 
been  detached  when  the  truer  aflfinities  were  sufficiently  strongly 
marked,  as,  e.  g.,  the  Flamingo  to  the  Sifters  or  Lamellirostrals  ; 
the  Secretary  Bird  to  the  Vultures ;  and  the  Couas  to  the  Cuc- 
koos. In  the  long  and  narrow  sternum  of  the  Coots  and  Rails 
the  two  posterior  notches  are  deep,  with  the  outer  boundary  the 
longest,  and  Brachypteryx  shows  a  third  intermediate  shallow 
notch. 

The  Ibis  and  Spoonbill  have  a  four-notched  sternum ;  the  Ad- 
jutants and  Herons  have  a  two-notched  one  ;  the  notches  are  short 
in  both.  Peculiarities  in  the  breast-bone  of  certain  Cranes  have 
already  been  noticed.  The  Woodcock  (Scolopax)  has  a  pair  of 
notches,  with  the  outer  boundary  slender  and  shorter  than  the 
broad  intermediate  tract ;  the  Gambets  (  Totanus),  A vocets,  Sand- 
pipers {Trinya),  Curlews  {Numenius\  Pratincoles  {Glareola)^ 
have  the  four-notched  sternum.  In  the  Godwits  {Limosa,  Helias), 
the  medial  notches  are  almost  obsolete,  and  the  lateral  ones  wide. 
The  '  Thick-knees' (GE'rficwemw*)  and  Bustards  (Otis)  have  the 
four- notched  sternum,  the  notches  being  small. 

In  the  Gallinaceous  group  of  Rasores,  the  four  posterior  notches 
are  so  wide  and  deep  as  to  reduce  the  bony  parts  of  the  sternum 
almost  to  five  slender  processes,  diverging  from  a  short  and 
broad  anterior  stem,  and  the  points  of  ossification  are  multiplied 
accordingly.  The  middle  process  is  the  broadest,  and  from  it  is 
developed  the  keel,  of  which,  in  some  {Ortyx,  Perdix),  it  seems 
to  be  almost  wholly  composed.     As  the  median  pair  of  notches 
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18  usually  deepest,  the  processes  on  each  side  the  mid  one  appear 
as  unequal,  styliform,  terminally  expanded,  prongs  of  a  fork,  the 
outer  prong  being  the  shortest.  The  costal  border  is  very  short, 
and  is  continued  upon  the  costal  process,  which  is  long :  the 
manubrium  is  compressed  and  terminally  dilated  and  deflected, 
often  perforated  transversely  by  confluence  of  the  short  cora- 
coid  grooves.  The  fowls  {Gallus\  pheasants  (Phasianus),  par- 
tridges {Perdixj  Francolinu8\  quails  {Coturnix,  Ortt/x,  Loph- 
ortyx\  grouse  {Tetrao)y  exemplify  the  gallinaceous  type  of  the 
sternum. 

In  the  Turkeys  {Meleagris\  Pea-fowl  {Pavo\  and  Kalecges 
(Poii/plectrorij  Lophophorus,  Oreophasis),  the  sternum  is  more 
ossified,  and  the  lateral  processes  are  shorter  and  broa<ler ;  in  the 
Curassows  (  Craxy  Ourax),  they  present  the  proportions  shown  in 
fig.  14,  A.  In  the  Gangas  or  Sand-grouse  {Pierocles,  Syrrhaptes)^ 
the  outer  pair  of  notches  are  chiefly  present,  the  inner  pair 
nearly  obsolete  * ;  in  the  Tinamous  *  they  are  wanting,  the  outer 
notches  are  of  extreme  length,  and  the  whole  sternum  is  reduced 
to  a  trifid  form,  as  in  fig.  14,  b.  The  sternum  of  Columha  coronata 
resembles  that  of  the  Curassow,  with  the  median  pair  of  notches 
shorter  and  narrower.  In  Columba  magnifica^^  the  four  notches 
arc  more  equal  in  size,  and  the  whole  sternum  is  broader.  In  the 
Columha  livia  the  median  pair  of  notches  are  often  converted  into 
small  foramina. 

The  transitional  steps  in  the  foregoing  series  from  the  type- 
sternum  of  GallintB  to  that  of  the  swiftest  of  the  doves  indicate 
the  natural  character  of  the  onler  Rasores. 

In  diurnal  Raptores  the  sternum  is  a  large  elongate  paral- 
lelogram, convex  outwardly  both  transversely  and  longitudinally. 
The  manubrium  is  short  and  trihedral ;  the  lower  border  of  the 
keel  is  convex ;  the  front  bonier  concave ;  their  angle  of  union 
rounded  off.  The  instances  where  the  sternum  is  entire  have 
been  cited:  in  other  birds  of  prey  the  arrest  of  ossification  is 
limited  to  very  small  parts  of  the  hind  border ;  usually  a  fora- 
men, rarely  a  notch  {Sarcorampkug),  on  each  side;  one  of 
which  may  be  filled  up,  wholly  or  partially.  Eytcm*  figures 
two  small  notches  on  each  side  the  jK>8terior  border  in  Ilierax 
bengalensis ;  and  both  hole  and  notch  on  each  side  in  Cathnrtes 
aura.  In  the  Nocturnal  Raptores  the  sternum  is  relatively 
shorter,  the  keel  less  deep,  its  lower  margin  less  convex  and  not 
thickened,  the  costal  border  is  shorter.  The  posterior  margin 
usually   presents  two  notches  on  each  side,  the  outer  one  the 

•  xiir.  p.  2-28,  fig.  109.         «  lb.  p.  230,  fig.  110.         *  xiv.  pL  2  o.         *  lb.  pi.  16. 
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deepest ;  but  the  Barn-owl  ( Strix  flammed)  has  but  one  on  each 
side ;  while  Strix  praticola  shows  a  third  intervening  notch.  * 

In  the  Cantores  the  sternum,  fig.  15,  is  broadest  behind,  with 
the  lateral  margins  slightly  concave,  the  costal,  c,  usually  meeting 
the  rest  of  the  margin  at  a  very  open  angle.  The  keel  has  a 
convex  lower  border  meeting  the  concave  front  border  at  a  sharp 
angle :  the  manubrium  e,  is  bifurcate :  the  costal  processes,  rf,  are 

broad  and  flat:  the  posterior  border 
has  a  notch,/,  usually  of  angular  form, 
on  each  side,  near  the  lateral  margin, 
and  with  this  outer  boundary  termi- 
nally dilated. 

Among  the  Scansores  the  Toucans, 
Barbets,  Touracos,  and  Woodpeckers, 
fig.  20,  have  a  four-notched  sternum  : 
the  Cuckoos  have  but  one  pair  of  short 
notches ;  many  Parrots  {Psittacits  pro- 
per, Pezoporus)  have  one  pair  of  small 
foramina,  and  Calyptorhynchus  has  the 
sternum  entire :  it  is  keel-less  in  Stri- 
gops.  In  most  parrots  the  costal  border 
is  extensive ;  the  manubrium  is  trihe- 
dral and  truncate.  None  of  the  Scan- 
sores  have  the  manubrium  bifurcate  ;  it 
may  be  notched ;  in  most  it  is  small ;  in 
some  (^Cuculusy  Ramphastos)  obsolete. 
In  the  Volitoresy  as  a  rule,  the 
posterior  border  of  the  sternum  has  a 
pair  of  notches  on  each  side:  the  Eurylaim  and  Hoopoe  have 
one  notch  or  foramen  on  each  side.  The  Hornbills,  Swifts,  and 
Humming-birds  have  the  sternum  entire.  In  none  of  this 
group  is  the  manubrium  bifurcate :  it  is  wanting  in  Podargus, 
HarpacteSy  Todus:  the  costal  process  is  wanting  in  some.  In 
the  Swifts  (  Cgpselus)  the  sternum  corresponds  in  its  proportional 
magnitude  with  the  superior  length  and  power  of  wing  which 
characterizes  the  genus :  the  depth  of  the  keel  equals  the  breadth 
of  the  entire  bone.  The  manubrial  process  is  wanting,  but  the 
costal  processes  are  moderately  long  and  pointed. 

In  the  Humming-birds,  which  sustain  themselves  on  the  wing 
during  the  greater  part  of  the  day,  and  hover  above  the  plant 
while  extracting  its  juices,  the   sternum,  r,   s,  fig.  18,  is   still 


Btcnmni  and  scnpular  arch,  Wooditcckcr, 
(Picu$). 
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Kn»nt  view  of  ix'lvlti,  l*artrUlgf. 


further  developed  as  compared  with  the  body ;  it  approaches  to  a 
triangular  form,  expanding  posteriorly, 
where  the  margin  is  entire,  and  convex. 
The  depth  of  the  keel  exceeds  the  entire 
breadth  of  the  sternum.  The  coracoid 
depressions  are  deeply  trochlear:  the 
manubrial  process  is  small,  and  directed 
upward  ;  the  costal  processes  are  also  pre- 
sent, but  of  small  size :  the  costal  border 
is  short.  In  these  pre-eminently  volant 
Vertebrates,  the  breast-bone  reaches  the 
maximum  of  developement. 

§  126.  Sacral  VertehrcB.-  -Invertebrate 
anatomy  the  term  *  sacrum '  is  ap])lied  to 
the  centrum  and  neural  arch  of  the  ver- 
tebra, ha>'ing  its  haemal  arch  complete,  as 
in  the  thorax,  but  with  its  appendage  de- 
veloped into  a  hind-limb  (vol.  i.,  figs.  101, 
D  and  1 14).  If  two  or  more  vertebra;  coalesce  beyond  the  thorax, 
they  are  likewise  said  to  form  *  a  sacrum,'  although  but  one  may 
be  typically  complete,  and  the  rest  su])port  only  stunted  pleura- 
I)ophyse8.  In  all  warm-blooded  Vertebrates  the  sacrum,  when 
present,  is  so  characterized,  and  confluence  is  carried  to  an 
extreme  in  birds,  converting  a  large  proi)ortion  of  the  vertebral 
column  into  a  *  sacrum,'  fig.  21,  *,  a,  c,  which  in  the  Ostrich  may 
include  seventeen  or  more  vertebra;.  Thirteen  is  the  average 
number  in  NatatoreSy  twelve  in  Grallatores  and  Rasores^  eleven  in 
Altrices  or  the  higher  birds  of  flight.* 

In  analyzing  this  most  complex  of  all  compound  bones,  in  a 
young  Ostrich  *,  I  find  the  centrum  of  the  first  sacral  vertebra 
distinct,  although  its  neural  arch  and  spine  have  coalesce<l  with 
those  of  the  second  vertebra  and  with  the  ilia.  Traces  of  the 
articulation  between  the  centrum  of  the  second  and  third  sacral 
vertebras  remain :  they  are  obliterated  in  the  remaining  vertebne, 
and  the  bodies  of  all  are  cellular  and  permeated  by  air. 

The  pleurapophysis  of  the  first  sacral  retains  its  moveable 
articulation  to  the  par-  and  di-apophyses  of  its  vertebra;  it  is 
long,  slender,  and  terminates  in  a  free  point.  That  of  the  second 
sacral  vertebra  is  styliform,  half  the  length  of  the  preceding,  and 
terminates  in  a  free  ix)int  projecting  downward  and  backward ; 
its  head  and  tubercle,  free  in  the  young  bird,  become  confluent 


»  See  the  Table  in  rir.  p.  273. 
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in  the  full-grown.  The  third  sacral  has  no  pleurapophysis :  its 
parapophysis  is  a  stumpy  process ;  its  diapophysis  is  longer  and 
abuts  against  the  ilium.  In  the  fourth  sacral  both  par-  and 
di-apophyses  abut  against  the  ilium. 

The  neural  arch  of  the  fifth  sacral  vertebra  has  advanced  and 
rests  over  the  interspace  between  its  own  and  the  preceding 
centrum:  this  interlocking  relation  continues  to  the  eleventh 
vertebra,  where  the  arch  resumes  its  normal  position  and  con- 
nections. The  pleurapophyses  of  the  fifth  to  the  eleventh  sa- 
cral vertebras  inclusive  have  undergone  a  corresponding  change 
of  position,  and  are  synchondrosed  by  an  expanded  head  to  a 
rough  flat  surface  formed  by  the  base  of  the  neuraiK)physis  and 
by  a  portion  of  their  own  and  of  the  preceding  centrum :  their 
distal  extremities  expand  and  coalesce,  forming  a  broad  abutment 
applied  to  the  iliac  bones.  The  diapophyses  are  directed  upward 
and  outward  against  the  same  part,  and  are  of  considerable 
length,  especially  in  the  ninth  to  the  fifteenth  sacral  vertebra?. 
The  dilated  part  of  the  neural  canal  is  formed  by  the  increased 
breadth  and  flatness  of  the  centrums,  and  by  the  wide  expanse  of 
the  neural  arches  at  the  middle  of  the  sacrum.  In  the  seventh 
to  the  ninth  of  these  arches  there  is  a  wide  aperture  in  each 
between  the  diapophysis  and  the  base  of  the  spine.  The  outlets 
for  the  nerves  are  single  and  at  the  interspace  of  the  neural 
arches,  but  those  at  the  middle  of  the  canal  show  two  grooves  for 
the  separate  exit  of  the  motor  and  sensory  roots. 

The  spines  of  all  the  vertebrae  are  lofty,  and  already  confluent 
with  each  other  at  the  middle  of  the  sacrum.  They  are  com- 
pressed from  before  backward,  consist  of  little  more  than  a  lace- 
work  of  osseous  tissue,  and  diverge  in  curves  from  the  neural 
arches,  through  the  interspace  between  the  iliac  bones,  with  both 
of  which  their  lateral  margins  are  confluent,  and  which  they 
thus  serve  to  bind  firmly  together.  By  the  i>eculiar  cellular 
and  pneumatic  structure  of  the  parts,  not  more  osseous  texture 
is  expended  in  perfonning  the  oflSce  of  tie-beams  across  the 
elongated  roof  of  the  pelvis  than  is  absolutely  required.  The 
last  seven  vertebrae  are  seen  between  the  narrow  parts  of  the 
ilia  produced  backward  beyond  the  acetabula,  until  full-growth, 
when  ossification  extends  from  the  summits  of  the  spines  bridging 
over  the  interval,  leaving  only  a  linear  fissure  on  each  side,  fig.  24. 
In  the  Cassowary  a  few  pairs  of  foramina  similarly  indicate  the 
last  three  or  four  sacral-vertebrae. 

In  the  Apteryx  the  first  four  sacral  vertebrae  send  outwards 
parapophyses   which   abut   against    the   ilia,   and   progressively 
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increase  in  length  and  thickness.  The  breadth  of  these  vertebra; 
also  gradually  increases ;  but  it  diminishes  in  the  four  succeeiling 
vertebra,  in  which  the  parapophyses  are  wanting :  then  the  nintli 
and  tenth  sacral  vertebra;  send  outward  each  a  ])air  of  strong 
parapophyses  to  abut  against  the  inner  surface  of  the  ossa  inno- 
minata  immediately  behind  the  acetabulum :  the  anchylosis  of  the 
bodies  is  continued  through  the  four  succeeding  vertebne,  which 
are  of  a  very  simple  structure,  devoid  of  transverse  or  oblique 
processes,  becoming  gradually  more  compressed  and  more  extended 
vertically,  so  as  to  appear  like  mere  bony  lamina; ;  the  line  of  the 
articulation  between  the  bodies  of  these  posterior  sacral  vertebra; 
is  obvious,  but  their  spines  coalesce  to  form  a  cimtinuous  bony 
ridge,  which  is  closely  embraced  by  the  i)08terior  extremities  oi 
the  ilia.  The  foramina  for  the  nerves  are  pierced  in  the  sides  of 
the  bodies  of  the  sacral  vertebra; ;  they  are  double  in  the  anterior 
ones,  but  single  in  the  posterior  compressed  vertebne,  where  they 
are  seen  close  to  the  jiosterior  margin. 

The  species  of  Dinoniis  show  from  17  to  20  sacral  vertebne. 
In  />.  robugtus  the  pleurajwphyses  of  the  first  retain  their  move- 
able articulations:  those  of  the  second  and  thini  are  anchyhised, 
but  project  freely  beyond  the  ilia :  those  of  the  fourth  to  the 
eighth  abut  as  parai)ophyses  against  the  ilia,  the  last,  which  is  opjx)- 
sit^  the  acetabula,  being  the  thickest :  those  and  the  four  following 
sacrals,  which  have  no  parapophyses,  are  very  short :  from  the  thir- 
teenth to  the  twentieth  sacral  the  para{)opliysial  buttresses  reaj)- 
pear,  and  the  vertebrae  increase  in  length.  A  continuous  bony 
roof  of  the  pelvis  extends  from  the  sacral  spines  to  the  ilia.  When 
vertically  and  longitudinally  bisected,  the  sacrum  shows  the  great 
ex{)anse  of  the  canal  for  that  part  of  the  myelon  in  connection  with 
the  nerves  of  the  large  and  strong  hinder  extremities.  All  traces 
of  the  original  joints  between  the  bcKlies  of  the  vertebne,  with  the 
exception  of  the  last,  are  obliterated.  The  primitive  distinction 
of  the  neural  arches  is  indicated  by  undulating  transverse  folds  of 
the  roof  of  the  spinal  canal :  the  motor  and  sensitive  roots  issue 
separately,  as  in  other  birds. 

In  the  Penguins  {Aptenodi/tes)  the  sacrum  forms  the  middle 
third  of  the  upper  surface  of  the  pelvis :  in  Fodiceps  and  Colt/mbus 
the  ilia  converge  to  the  summits  of  the  posterior  sacral  8))ine8  :  in 
Uria,  Diomedea^  Procellariay  and  the  AnatidcB  they  converge  to 
the  anterior  ones,  fig.  22,  b.  Pairs  of  foramina  usually  indicate  the 
sacral  vertebrae,  forming  a  broader  posterior  sacral  roof  (ib.  a,  c), 
of  the  pelvis  :  but  in  the  Petrels  ossification  obliterates  them.  In 
most  Grallatores  the  ilia  come  near  to  the  neurospinal  ridge,  ib.  /;, 
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of  the  anterior  sacral  vertcbne ;  whilst  the  posterior  ones  form  a 
broad  middle  tract  of  that  part  of  the  pelvic  roof:  usually  perforated 
by  pairs  of  foramina,  as  in  the  Duck,  but  becoming  obliterated 

more  or  less  in  Scolopaxj  Ptili- 
nopuSy  Psophiq^  ScopSy  Ibis,  and 
perhaps  in  others  with  age.  In 
most  Gallinaceay  including  the 
Doves,  the  ilia  converge  to  a 
less  proportion  of  the  anterior 
sacral  spines,  and  the  space  at 
the  middle  and  posterior  part 
of  the  pelvis  formed  by  the  sa- 
crum, fig.  21, «,  c,  is  both  broad 
and  long.  In  the  Tinamus 
hrasiliensisy  figured  by  Eyton, 
this  part  of  the  roof  is  almost 
wholly  ossified,  as  it  likewise  is 
in  Oreophasis  derbianus^  where 
a  pair  of  oblique  grooves  lead 
forwards,  deepening,  to  *  ilio- 
neural '  canals  beneath  the  an- 
terior sacro-iliac  bony  roof  on 
each  side  the  neurospinal  ridge. 
In  HemipodiuSy  Columbay  and 
Goura,  the  pairs  of  foramina  in 
the  sacral  part  of  the  pelvic  roof 
are  very  small ;  in  Crax  Mitu 
they  continue  large  to  a  late 
period.  The  ilio-neural  grooves  and  canals  are  seen  in  most 
GallincB  as  in  Oreophasis, 

In  CantoreSy  Volitores,  ScansoreSy  and  RaptoreSy  the  proportion 
of  the  hind-part  of  the  pelvic  roof  fonned  by  a  neural  expanse  of 
the  sacrum  is  less  than  in  GallincBi  the  ilioneural  grooves  are 
commonly  wanting.  The  bony  roof  is  entire  in  Neomorphay 
CentropuSy  PsittacuSy  FalcOy  Aquila :  and  the  parial  foramina  are 
very  small  in  Ci/pseluSy  TrochiluSy  CassicuSy  FregiluSy  and  most 
Cantores:  the  ileoneural  grooves  are  present  in  Turacus  gigaSy 
and  are  open  canals  in  Cypsirhina  and  some  others.  In  the 
diurnal  Raptorcs  the  pelvic  roof,  of  which  the  sacrum  contributes 
a  broad  medial  tract  to  about  a  third  of  the  hinder  ix)rtion,  is 
strongly  and  very  completely  ossified,  fig.  23.  The  ribs  of  the 
first  two  vertebraj  retain  their  moveable  joints :  in  the  third  to  the 
sixth  vertebrae  they  abut  as  parapophyses  against  the  lower  border 
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of  the  ilia ;  the  seventli  to  the  tenth  vertebrse  have  no  parapo- 

physes ;  the  eleventh  to  the  fourteenth  have  them  long  and  strong, 

thickest  in  the  last.     All 

these  abutments,  with  the  ^^ 

expansions  from  the  neural 

spines,  coalesce  with  the  in- 

nominata.  and  convert  the 

pelvis    into   one  complex 

mass  of  bone. 

The  iliac,  ischial,  and 
pubic  elements  are  deve- 
loped as  distinct  bones,  but 
speedily  coalesce  at  their 
point  of  junction  around 
the  acetabulum  and  usually 
elsewhere:  their  indepen- 
dence is  longest  maintained 
in  the  Cur  sorest  Ossifi- 
cation begins  in  each  from 
a  single  point,  even  in  the 
much  elongated  ilium  of 
Struthio  and  Dromaius. 
This  bone  is,  in  fact,  a 
single  vertebral  element, 
or  rather  part  of  one ;  it  is 
homologous  with  the  pelvic 
bone,  62,  in  figs.  43  and 
101,  D  (vol.  i.),  and  with 
62  in  fig.  28,  p.  159,  of  my 
work  on  the  *  Archetype 
Skeleton'  (cxL.  vol.  i.), 
where  it  is  shown  to  com- 
plete the  pleurapophysial  element  of  the  pelvic  hsemal  arch; 
the  ischium  being  the  hsemapophysis  of  the  same  arch.  The 
ilium  in  Birds,  figs.  21  and  22,  cf,  A,  fig.  23,  by  fig.  24,  by  c,  c'y 
is  remarkable  for  its  developement  in  the  direction  of  the 
axis  of  the  vertebral  column,  extending  its  connections  with 
many  more  segments  than  its  own :  it  is  accordingly  long  and 
narrow,  thickest  midway,  fig.  22,/,  where  it  contributes  the  upper 
wall  of  the  acetabulum,  ib.  i,  in  front  of  which,  rf,  it  is  outwardly 
concave ;  behind  the  acetabulum,  ib.  ^,  A,  it  is  convex.     It  differs 
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in  the  proportions  of  the  pre-acetabular  and  post-acetabnlar  exten- 
Bions^  and  in  the  degree  of  divergence  of  the  latter  from  the  sacrum. 
The  longest  and  narrowest  ilia  are  seen  in  certain  Natatores  {Po^ 
dicepsy  Colymhusy  fig.  34,  «,  J,  Uria)  and  in  Cursores  (^StrutktOy 
fig.  24,  by  d y  Dromaius) :  the  shortest  and  broadest  ilia  are  seen 
in  certain  VolitoreSy  Scansores,  and  Insessores,  In  the  Grebe  and 
Loon  the  ilia  unite  with  the  summits  of  the  sacral  spines  behind 
the  acetabula,  and  diverge  for  a  broader  interposed  neural  expan- 
sion anteriorly :  in  most  birds  the  divergence  is  shown  at  the  post- 
acetabular  portions,  as  in  fig.  22,  g^  g^  the  pre-acetabular  plates 
dy  dy  converging  to  the  summits  of  the  sacral  spines,  ib.  ft.  A  few 
birds  {Podargusy  Tacht/petes)  retain  the  extent  of  sacral  interpo- 
sition which  obtains  at  an  early  stage  of  pelvic  developement  in  all 
birds.  ^  In  the  old  Apteryx  the  ilia  almost  meet  along  the  summit 
of  the  sacral  ridge  to  within  a  short  distance  of  their  hind  end, 
where  an  epiphysial  piece  of  bone  is  sometimes  found  wedged 
between  this  end  and  the  anterior  caudal  vertebrae.  The  anterior 
border  of  the  ilium  is  usually  more  or  less  convex :  in  Tinamtu, 
Craxy  OnocrotaluSy  it  is  almost  straight :  in  Geococcyxy  Corythaixy 
ScolephaguSy  it  is  emarginate  or  concave,  the  external  angle  being 
produced  outward:  in  Limosa  it  is  angular;  the  point  being 
formed  by  the  commencement  of  the  *  gluteal  ridge :'  this,  which 
is  well-marked  in  most  birds,  describes  a  curve,  concave  down- 
ward, and  terminates  above  or  behind  the  acetabulum,  as  at/, 
fig-  22,  marking  off  the  post-acetabular  convex  part  of  the  iliimi, 
gy  h.  This  part  is  the  longest  in  Grebes,  Loons,  fig.  34,  rf,  and 
the  Ostrich,  fig.  24,  (/ :  it  is  the  shorter  division  in  Petrels,  Gulls, 
Cranes,  and  most  smaller  Grallatoresy  in  the  Apteryxy  in  most 
Insessoresy  and  especially  in  diurnal  RaptoreSy  fig.  23,  y,  t :  in 
many  birds  it  forms  half  the  length  of  the  ilium.  In  some  birds 
{Cursores)  it  is  narrower  than  the  fore  part  of  the  ilium;  in 
others,  especially  Geococcyxy  it  is  broader :  in  most  the  breaddi  is 
about  equal,  although  the  ilium  may  seem  broadest  behind  from 
its  coalescence  with  the  horizontal  expansions  from  the  sacral 
spines.  The  upper  is  divided  from  the  outer  surface  of  the  post- 
acetabular  part  of  the  ilium  by  a  prominent  ridge  in  most  birds, 
fig.  22,  gy  which  generally  overhangs  the  outer  surface;  in 
Geococcyx  to  a  remarkable  extent,  like  a  wide  pent-house,  pro- 
ducing a  deep  concavity  in  the  outer  and  back  part  of  the  ilium 
where  it  coalesces  with  the  ischium.  This  coalescence,  converting 
the  ischiadic  notch  into  a  foramen,  fig.  22,  /,  fig.  23,  A,  is  common 
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to  most  birds.  It  does  not  take  place  in  Apteryx^  Dinornisy 
Struthioy  fig.  24,  c'.  The  ilium  forms  an  angular  projection  above 
the  posterior  ischial  junction  in  the  Albatross,  Skimmer,  Duck, 
fig.  22,  fly  Ibis,  Spoon-bill,  Woodcock,  Pigeon,  most  Volitores 
and  Insessores,  The  principal  pneumatic  foramen  of  the  ilium 
is  on  the  outer  and  under  part  of  the  post-acetabular  division. 
The  ilium  developes  an  oblong  articular  surface  on  the  pro- 
minence extending  from  the  upper  and  back  part  of  the  aceta- 
bulum. 

The  ischium,  fig.  24,  63,  fig.  22,  A,  m,  fig.  23,  c,  t,  is  a  long,  nar- 
row, flattened  bone ;  thickest  where  it  forms  the  back  part  of  the 
acetabulum,  becoming  thinner  and  broader  as  it  extends  back- 
ward, with  the  lower  border  turned  slightly  outward ;  generally 
placed  parallel  with  its  fellow,  but  diverging  in  the  Ostrich  ;  of 
nearly  uniform  breadth  in  this  wingless  bird,  fig.  24,  and  in 
the  Apteryx,  but  usually  expanding  to  its  hinder  end,  and 
there  coalescing  with  the  ilium.  Just  beyond  the  acetabular 
part  the  ischium  contracts,  presenting  a  smooth  and  tliick  upper 
border  to  the  ischiadic  notch  or  foramen,  fig.  22,  /,  fig.  23,  A,  and 
a  similar  lower  border  to  the  foramen  or  notch,  ib.  o,  fig.  24,  /, 
which  transmits  the  tendon  of  the  obturator  intemus  muscle ;  it 
then  becomes  lamelliform,  with  thin  margins,  usually  increasing 
in  depth,  and  often  bent  down  at  its  termination  to  join  the 
pubis,  and  circumscribe,  as  in  fig.  24,  the  obturator  foramen,  o. 
In  the  Ostrich,  the  ischium  does  not  join  the  ilium  posteriorly, 
and  the  ischiadic  notch  remains  open;  its  coalescence  with  the 
ilium,  beyond  the  ischiadic  foramen,  is  usually  extensive,  as  in 
figs.  22  and  23. 

The  most  singular  modification  of  the  ischia  is  seen  in  the 
Rheay  in  which  they  meet  below  the  sacrum  and  coalesce  yni\i 
each  other  for  some  extent,  almost  obliterating  here  the  bodies  of 
the  sacral  vertebne. 

The  pubic  bones,  fig.  21,  />,  fig.  24,  64,  present  an  analogous 
exceptional  condition  in  another  member  of  the  Cursorcs^  viz. 
the  Ostrich,  in  which  they  unite  together  at  their  hind  ends, 
forming  a  *  symphysis,'  which  is  curved  downward  and  forward, 
fig.  24,  h ;  in  Gyps  fulvus  the  same  ends  curve  toward  and 
almost  touch  each  other.  In  other  birds  the  pubic  bones  are 
directed  backward,  with  usually  a  curve  convex  outward,  and 
terminate  freely,  or  are  united  to  the  ischium  above,  as  in 
fig.  34,  hy  the  pelvis  being  thus  an  open  one,  as  a  rule,  in 
Birds.  The  pubis  forms  the  lower  and  front  portion  of  the 
acetabulum,  beyond  which  it  quickly  contracts,  exchanging  \i& 
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trihedral  for  a  subcompressed  form5  and  is  more  slender  than 
the  ischium.  The  shortest  pubis  is  seen  in  certain  Eagles, 
in  which  it  terminates  after  forming  the  lower  boundary  of  the 
obturator  foramen;  its  extremity  there  projecting  freely,  as  in 
fig.  23,  rf,  or  being  joined  by  li^ment  to  the  ischium,  as  in  the 
Harpy  Eagle,  in  which  it  is  an  inch  in  length,  whilst  the  ilium  is 

six  inches  long.  The  opposite  ex- 
treme may  be  seen  in  the  Guillemots 
and  Grebes;  and  in  the  latter  the 
pubic  styles  diverge  from  the  aceta- 
bula  with  a  slight  outward  bend,  the 
interspace  of  their  extremities  being 
twice  the  breadth  of  the  fore  part  of 
the  pelvis:  they  are  usually  longer 
than  the  ischia,  figs.  24  and  34 ;  but 
in  the  Apteryx  they  equal  that  bone 
in  length,  and  in  the  Emeu  they  are 
shorter.  The  pubis  coalesces  with  the 
ilium  and  ischium  at  the  acetabulum; 
usually  again  with  the  ischium,  as  at 
ky  fig.  22,  to  close  the  tendinal  fora- 
men, and,  in  some  birds,  a  third  tame 
with  the  end  of  the  ischium,  as  in 
fig.  24,  to  circumscribe  the  obtura- 
tor vacuity,  o.  In  Doves,  the  pubis 
after  uniting  with  the  ischium  to  close 
the  tendinal  foramen,  extends  back- 
ward parallel  with  and  close  to  its  lower 
margin,  sometimes  contracting  a  bony 
union  therewith  and  obliterating  the 
'obturator'  interspace.  The  pubic 
bones  as  they  extend  backward  in  the 
Apteryx  are  nearly  parallel;  in  the 
Emeuy  Neomorphay  Cassicus,  Podiceps,  they  diverge.  In  most 
birds  the  fore  part  of  the  acetabular  portion  of  the  pubis  forms 
a  ridge  or  tuberosity,  figs.  24,  m,  and  22,  q;  in  some  it  is 
produced  to  a  greater  extent  {Geococcyx,  Corythaix^  Tinamus, 
Oreophasii). 

In  accordance  with  the  above-stated  differences  in  the  form  and 
proportions  of  sacrum,  ilium,  ischium,  and  pubis,  the  pelvis  of  the 
Bird  varies  in  its  general  form  and  proportions.  From  that  of  all 
cold-blooded  Vertebrates  it  differs  in  the  greater  number  of  ver- 
tebral segments  entering  into  its  composition,  and  in  their  bony 
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confluence ;  from  that  of  Mammak  by  being  unclosed,  and  by  the 
widely  perforate  acetabulum^  fig.  22,  t. 

The  large  size  and  brittle  shell  of  the  egg  are  the  teleological 
conditions  of  the  open  pelvis,  and  the  transference  of  the  weight 
of  a  horizontal  trunk  upon  a  single  pair  of  legs  necessitates  an 
extensive  grasp  of  its  segments.  When  the  legs  require  to  be 
pulled  far  and  strongly  back,  as  in  diving  and  cursorial  motions, 
the  origins  of  the  requisite  muscles  are  extended  far  behind  the 
limbs'  centre  of  motion,  as  in  the  pelvis  of  the  Grebes,  Loons, 
Guillemots,  Ostriches,  Emeus;  when  the  bird  slowly  stalks,  or 
hops,  or  climbs,  or  uses  the  legs  chiefly  in  grasping  and  perching, 
the  pelvis  is  short  and  broad,  especially  behind,  and  its  breadth 
may  exceed  its  length  {Cyclarius  guanensii). 

The  caudal  vertebras  are  few,  short,  not  produced  into  a  con- 
spicuous appendage,  the  so-called  ^  tail '  of  birds  being  due  to  the 
feathers  attached  to  the  terminal  vertebras;  these,  in  birds  of 
flight,  coalesce  to  the  nimiber  of  two  or  more,  and  form  a  com- 
pressed vertically  extended  bone,  like  a  plough-share,'  fig.  23,  a, 
presenting  a  concave  surface  to  the  antecedent  centrum ;  rising 
above  as  a  sharp  crest,  anteriorly  perforated  by  the  termination  of 
the  neural  canal ;  expanding  below  and  there  perforated  by  the 
hasmal  canal  which  terminates  by  one  inferior  and  two  lateral  ori- 
fices. This  compound  bone,  ^  os  en  soc  de  charrue,'  supports  the 
coccygeal  oil'glimds,  and  gives  attachment  to  the  *  rectrices '  or 
rudder-quill-feathers,  which  are  disposed  fan-wise.  In  the  Wood- , 
peckers  the  haemal  part  extends  far  in  advance  of  the  articular 
surface  of  the  centrum,  and  expands  into  a  broad  subquadrate 
plate  concave  below ;  the  neural  part  forms  as  large  a  vertical 
plate ;  this  relates  to  the  use  of  the  stiff*  tail-feathers  in  climbing. 
The  horizontal  developement  prevails  in  the  Peacock.  Reckoning 
the  terminal  bone  as  one,  the  common  number  of  caudal  vertebras 
is  nine.  The  anterior  ones  have  vertically  extended  transverse 
processes  including  di-  par-  and  pleur-apophysial  elements;  the 
neural  arch  has  prezygapophyses,  very  small  postzygapophyses, 
and  a  short  and  thick  neural  spine.  In  the  third  or  fourth  ver- 
tebras caudal  hasmapophyses  appear,  increase  in  length,  and  in 
the  fifth  or  sixth  inclose  a  hasmal  canal.  The  transverse  pro- 
cesses in  many  birds  increase  in  length  to  the  antepenultimate ; 
in  a  few  (iftw,  Urid)  they  gradually  shorten  to  die  last ;  the 
caudal  centrums  are  joined  by  ligament  and  are  procoelian.  In 
the  Toucan  the  joint  between  the   sixth  and  seventh  vertebras 

*  XII.  vol.  i.  p.  208. 
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has  a  capsule  and  synovial  fluid,  and  the  neural  spine  is  shortest 
in  the  sixth,  where  the  tail  has  the  greatest  extent  of  motion  ver- 
tically, the  transverse  bend  being  checked  by  the  size  and  length 
of  the  transverse  processes.  The  neural  spines  can  be  brought 
by  dorsal  inflection  into  contact  with  the  sacrum ;  and  in  this  mo- 
tion the  side-muscles,  which  at  first  tend  rather  to  oppose  the 
elevators,  become,  as  the  motion  proceeds,  themselves  elevators, 
and  complete  it  by  a  jerk ;  this  throwing  up  the  tail  upon  the 
back,  as  if  operated  on  by  a  spring,  is  a  conspicuous  characteristdc 
of  the  living  bird.*  In  most  birds  of  flight  the  caudal  series  are 
habitually  curved  upward,  as  in  fig.  23 ;  in  the  few  birds  that  can- 
not fly  the  tail  is  straight,  and  the  terminal  centrmn  is  not  ex- 
panded. In  the  Apteryx  there  are  nine  caudal  vertebrae,  which  are 
deeper,  and  project  farther  below  the  posterior  portions  of  the  iliac 
bones  than  in  the  other  birds :  as  they  recede,  they  increase  in 
lateral  and  diminish  in  vertical  extent ;  the  spinal  canal  is  conti- 
nued through  the  first  five,  and  they  are  all  moveable  upon  each 
other,  excepting  the  last  two,  homologous  with  the  expanded  ter- 
minal mass  in  other  birds,  but  which  here  exceeds  the  rest  only  in 
its  greater  length,  and  gradually  diminishes  to  an  obtuse  points 
In  the  Ostrich  the  corresponding  vertebra  is  expanded  for  the 
support  of  the  caudal  plumes,  but  in  the  Apteryx  it  oflfers  the 
same  inconspicuous  developement  as  in  the  Bhea  and  Emeu.  In 
the  *  rumpless '  breed  of  domestic  fowl  the  coccyx  is  reduced  to 
a  single  stumpy  bone.  In  some  brevipennate  sea-birds  I  have 
found  as  many  as  eleven  free  caudal  vertebrae ;  only  in  the  extinct 
Archeopteryx  of  the  upper  oolitic  period  was  the  tail  a  conspicuous 
appendage  to  the  trunk,  formed  by  about  twenty  elongate  ver- 
tebrae, each  of  which  supported  a  pair  of  small  and  slender  quill- 
feathers. 

The  terminal  vertebrae,  ungrasped  by  the  pelvis  in  the  embryo 
bird,  may  equal  in  number  those  of  the  ancient  feathered  fossil ; 
and  if  such  vertebrae  participated  in  the  ratio  of  growth  of  other 
parts  of  the  skeleton,  without  subsequent  stunting  and  con- 
fluence, they  would  more  or  less  repeat  the  strange  and  unique 
feature  in  the  skeleton  of  Archeopteryx ;  but  the  metamorphosis 
of  the  tail  which  has  taken  place  in  the  bird's  skeleton  in  the 
transition  from  the  mesozoic  to  the  neozoic  life-periods  of  the 
class,  is  analogous  to  that  from  the  protocercal  to  the  homocercal 
type  of  tail,  which  marks  the  progress  in  fishes  from  the  palaeo- 
zoic to  the  mesozoic  periods.* 

*  XX*,  »  XV.  p.  45,  pis.  i.  and  Hi. 
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§  127.  Cervical  Vertebra. — As  the  prehensile  functions  of  the 
hand  are  transferred  to  the  beak,  so  those  of  the  arm  are  per- 
formed by  the  neck  of  the  bird ;  this  portion  of  the  spine  is 
therefore  composed  of  numerous,  elongated,  and  freely  moveable 
vertebne,  and  is  never  so  short  or  so  rigid  but  that  it  can  be 
made  to  apply  the  beak  to  the  coccygeal  oil-gland,  and  to  every 
part  of  the  body  for  the  purpose  of  oiling  and  cleansing  the 
plumage.  In  birds  that  seek  their  food  in  water  it  is  in  general 
remarkably  elongated,  whether  they  support  themselves  on  the 
surface  by  means  of  short  and  strong  natatory  feet,  as  in  the 
Swan,  or  wade  into  rivers  and  marshes  on  elevated  stilts,  as  in 
the  Flamingo,  fig.  14. 

The  articular  surfaces  of  the  bodies  of  the  cervical  vertebrae, 
like  those  of  the  dorsal  series,  are  concave  in  one  direction  and 
convex  in  the  other,  so  as  to  lock  into  each  other,  and  in  such  a 
manner  that  the  superior  vertebras  move  more  freely  forward,  the 
middle  ones  backward,  while  the  inferior  ones  again  bend  forward ; 
producing  the  ordinary  sigmoid  curve  observable  in  the  neck  of 
the  bird. 

This  mechanism  is  most  readily  seen  in  the  long-necked  waders 
which  live  on  fish  and  seize  their  prey  by  darting  the  bill  with 
sudden  velocity  into  the  water.  In  the  common  Heron,  for 
example  {Ardea  cinerea)^  the  head  can  be  bent  forward  on  the 
atlas  or  first  vertebra,  the  first  upon  the  second  in  the  same  direc- 
tion, and  so  on  to  the  sixth,  between  which  and  the  fifth  the  for- 
ward inflection  is  the  greatest;  while  in  the  opposite  direction 
these  vertebrae  can  only  be  brought  into  a  straight  line.  From 
the  sixth  cervical  vertebra  to  the  thirteenth  the  neck  can  only  be 
bent  backward  ;  while  in  the  opposite  direction  it  is  also  arrested 
at  a  straight  line:  from  the  fourteenth  to  the  eighteenth  the 
articular  surfaces  again  allow  of  the  forward  inflection,  but  also 
limit  the  opposite  motion  to  the  straight  line. 

An  inter-articular  cartilage  is  inclosed  between  reduplications 
of  the  synovial  membrane  in  most  of  the  joints  between  the 
bodies  of  the  cervicals,  as  in  the  joint  of  the  lower  jaw  in  mam- 
malia. The  zygapophysial  articulations  are  simply  synovial.  The 
par-  and  di-  apophyses  are  at  the  fore  part  of  the  vertebrae,  and, 
usually  at  the  third  cervical,  coalesce  with  a  styliform  pleurapo- 
physis  projecting  backward.  The  vertebrarterial  canal,  thus 
formed,  is  large,  and  gives  passage  to  both  the  vertebral  artery 
and  the  sympathetic  nerve. 

The  inferior  processes  from  the  cervical  centrums  are  of  two 
kinds;  one  single,  developed  from  the  mid-line,  usually  toward 
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the  back  part,  and  answering  to  the  *  hypapoplhysis'  in  lizards; 
the  other  parial,  developed  from  the  under  part  of  the  vertebiv- 
terial  canal,  answering  to  parapophyses,  bent  or  directed  down- 
ward, after  coalescing  with  the  pleurapophysis.  In  a  Yaltme 
(  Gt/ps  fulvus)j  the  latter  inferior  processes  begin  at  the  sixth  ca^ 
vical,  and  are  continued  to  the  thirteenth;  the  hypapojdiyai 
begins  at  the  second,  and  is  continued  to  the  fifUi^  where  it  v 
reduced  to  a  low  ridge.  In  the  Guillemot  the  hypapojdiyBi 
exists  as  a  ridge  or  process  in  all  the  cervicals.  In  the  Apterjx 
the  single  hypai>ophysis  for  the  attachment  of  the  longus  colli 
anticus  is  present  in  the  last  three  vertebrae,  as  in  the  contigiioiii 
dorsals.  The  parapophysial  arch  for  the  protection  of  the  carotid 
arteries  is  most  complete  in  the  twelfth  cervical,  but  the  two  sidci 
of  the  arch  are  not  anchylosed  together ;  the  interspace  prc^reft- 
sivcly  increases  in  the  eleventh,  tenth,  and  ninth  Yertebrse,  and 
the  groove  widens  and  is  lost  at  the  fifth  vertebra.  In  many 
birds  the  parapophyscs  after  forming  the  sides  of  a  wide  canal  in 
the  middle  cervicals,  converge  and  unite  to 
inclose  a  haemal  canal,  as  in  the  lower  cervicil 
vertebra  of  the  Pelican,  fig.  25. 

The  neural  arch  in  most  of  the  cerricali 
dcvelopes,  in  addition  to  the  spine^  ih.  «#, 
zygai>ophy8es,  ib.  z,  and  diapophysea  ih.  /, 
also  anai)ophyses,  or  tubercles,  above  the  pos- 
terior zygapophyses.  The  arch  is,  in  scMiie 
^  vertebra,  strengthened  by  bony  plates,  one 

(Vrrlc*l  vertebra,  IHjllnm.  r        I  •    I  I  •/•    J  c  -  \ 

of  which  may  be  specified  as  ^  interzygapo- 
pliysial,'  and  this  may  be  perforated  vertically,  as  in  the  second, 
third,  and  fourth  cervicals  of  the  Hombill  {Buceros),  and  in 
the  third  and  fourth  cervicals  of  the  Vulture,  and  many  other 
birds ;  the  neural  arch  thus  becomes  remarkable  for  its  breadth, 
and  the  square  or  quadrate  platform  of  bone  from  which  the 
small  and  short  neural  spine  rises.  In  one  or  more  succeeding 
vert^bno  the  incomplete  ^interzygapophysial'  bar  projects  back- 
ward as  a  process  or  tubercle  from  the  prezygapophysis.  The 
prezygapophyses  look  upward  and  inward ;  the  postzygapophyses 
downward  and  outward;  the  neural  spine  is  feebly  developed, 
if  at  all,  in  the  middle  of  the  cerWcal  region ;  it  is  most  con- 
spicuous in  the  second  to  the  fifth,  and  again  in  the  last  two  or 
three  cervicals.  In  the  Apteryx  it  is  thick  and  strong  in  the 
second,  but  progressively  diminishes  to  the  seventh,  cervical, 
where  it  is  reduced  to  a  mere  tubercle ;  from  the  eleventh  it 
progressively  increases  to  the  last  cerrical,  in  which  it  presents 
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the  Btrong  quadrate  figure  which  characterizes  the  same  process 
in  the  dorsal  vertebrsd.  The  neural  canal,  ib.  n,  varies  in  form 
and  diameter  in  the  same  vertebne.  If,  e.g.,  the  sixth  cervical 
of  a  Stork  be  sawed  lengthwise  vertically,  the  diameter  is  great- 
est in  the  middle,  least  at  the  ends ;  but  if  it  be  sawed  length- 
wise horizontally,  the  transverse  diameter  is  the  reverse,  being 
narrowest  at  the  centre  and  widest  at  the  ends.  In  the  Ostrich, 
the  Swan,  and  many  other  birds,  the  canal  widens  in  every  direc- 
tion at  its  extremities ;  and  on  the  dorsal  or  posterior  aspect  of 
the  spine,  the  canal  remains  open  for  some  extent  in  the  intervals 
of  the  vertebrae,  the  myelon  being  there  protected  only  by  mem- 
brane and  the  elastic  ligaments  which  connect  the  neural  spines 
together.  This  modification  subserves  the  prevention  of  compres- 
sion of  the  myelon  during  the  frequent,  varied,  and  extensive 
inflections  of  the  neck  in  birds. 

The  atlas  and  axis  speedily  efiect  a  partial  coalescence;  the 
body  of  the  first,  e.g.,  as  an  *  odontoid  process'  to  that  of  the 
second,  and  usually  presenting  a  pair  of  small  facets  to  articulate 
with  its  own  neurapophyses,  which  are  mainly  supported  by  the 
^  hypapophysis '  simulating  the  entire  centrum  of  the  atlas.  The 
back  part  of  the  hypapophysis  ofiers  a  flat  surface  to  the  centrum 
of  the  axis,  beneath  which  it  is  slightly  produced,  being  here 
wedged  into  a  notch  between  the  true  bodies  of  the  atlas  and 
axis.  The  fore  part  of  the  hypapophysis  combines  with  the  neura- 
pophyses to  form  the  major  part  of  the  cup  for  the  condyle  of  the 
occiput,  which  is  completed  by  the  *  odontoid.'  The  atlantal 
neurapophyses  usually  diverge  as  they  rise,  and  are  joined  toge- 
ther above  by  a  broad  plate  slightly  arching  across  from  one  to 
the  other ;  in  some  {Aptenodytes^  Dinornis)  they  do  not  meet : 
rarely  is  a  neural  spine  developed.  The  centnmi  of  the  axis  is 
sometimes  carinate  below  with  a  slight  posterior  production  (Alca 
impennis),  sometimes  produced  into  a  hypapophysis,  as  4ong  as 
the  neural  spine  above  {AptenodyteSy  most  Raptor es.)  Postzyga- 
pophyses  of  the  atlas  articulate  with  the  prezygapophyses  of  the 
axis.  In  a  Hombill  {Buceros)  I  have  seen  complete  coalescence 
of  the  atlas  and  axis. 

§  128.  The  Skull. — The  neural  and  haemal  plates  of  the  embryo- 
nic trace  become  modified  in  the  head  of  the  chick  by  the  early  ex- 
pansion of  the  cerebral  part  of  the  neural  axis,  and  by  the  almost 
contemporary  appearance  of  the  capsule^  of  the  organ  of  hearing, 
which  are  speedily  followed  by  the  rudiments  of  the  eyeballs. 
The  neural  plates  are  dilated  by  the  primitive  vesicles  of  the 
ep-  mes-  and  pros-encephalon,  the  latter  speedily  showing  its 
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greater  size  and  bending  down.  The  notochord  extends  into  die 
hind  part  of  the  future  basis  cranii^  its  gelatinous  axis  terminatbg 
at  the  bend ;  but  the  blastemal  capsule — ^the  true  seat  of  the 
histological  changes  resulting  in  vertebral  structure — is  contmued 
forward,  expanding,  dividing  below  the  part  of  the  vertical  cere- 
bral canal  called  ^  infundibulum,'  and  again  uniting  anteriorly  to 
form  a  vertical  plate  extending  between  the  eye-capsules  and  be- 
coming lost  in  the  deflected  fore  part  of  the  cephalic  blastema.  At 
this  stage  neural  segments  are  not  shown.  The  h»mal  ones  appetr 
as  the  so-called  ^  visceral  arches'  of  the  head.  The  foremost  is  in- 
complete below  at  the  ^  blastemic'  stage,  and  is  represented  by  a 
pair  of  obtuse  lobes  or  buds  beneath  the  eyes ;  the  next  is  laiger 
and  becomes  closed  below ;  a  third,  a  fourth,  and  a  feeble  indi- 
cation of  a  fifth,  correspond  with  the  primitive  vascular  arches, 
and  are  more  truly  ^  visceral '  than  *  vertebral'  Of  the  latter 
significance  is  that  which  descends  on  each  side  the  heart  itself, 
and  is  soon  indicated  by  the  buds  of  the  appendages  which  become 
articulated  with  such  ^  scapular'  arch. 

The  cartilage  formed  round  the  fore  part  of  the  notochord, 
extends  neurad,  and  attains  great  thickness  at  the  sides  of  the 
cranium  in  connection  with  that  of  the  acoustic  capsules;  it 
becomes  thinner  as  it  rises,  and  the  primitive  tissue  closes  the  ex- 
panded cranial  cavity.  The  cartilage  behind  the  ear-capsule  is  of 
the  hindmost  neurapophysis :  that  in  front  of  the  capsule  is  of  the 
next ;  that  which  is  formed  at  the  optic  foramen  is  the  third  in 
advance :  these  latter  neurapophysial  cartilages  are  formed  in  the 
blastemal  walls  of  the  cranium  distinct  from  the  notochordal  car- 
tilage. This,  advancing  along  the  base  of  the  skull,  follows  the 
disposition  of  the  extensions  of  the  notochordal  capsule,  and 
bifurcates  into  the  so-called  *  trabecule '  (vol.  i.  figs.  58-60,  6,  d), 
which  again  unite  to  form  the  basis  of  the  neural  arch  and  apex 
of  the  haemal  arch  of  the  foremost  segment  of  the  skull ;  it  beoomes 
compressed  between  the  eyes,  and  expands  in  advance  of  them, 
the  end  of  the  haemal  closing  up  to  that  of  the  neural  arch  in  a 
way  which  reminds  one  of  the  modification  of  the  vertebral  axis  at 
the  opposite  end  of  the  column.  Here,  however,  the  nature  of 
the  Bird  overrides  that  of  the  Vertebrate,  and  every  subsequent 
step  in  cranial  developement  relates  to  adaptive  conations  of  ver- 
tebral elements  and  appendages.  Distinct  cartilages  in  the  buds 
or  piers  of  the  foremost  hsemal  arch  form  the  basis  of  the  palato- 
maxillary bones.  The  palatine  cartilage  arches  outward  and 
backward,  like  that  marked  S4  in  fig.  60,  vol.  i.,  and  in  it  is 
developed  the  pterygoid.     The  cartilage  in  the  second  arch  forms 
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the  basis  of  the  tympanic  and  mandible ;  that  of  the  third  arch 
forms  the  stylo-hyal,  rarely  ossified  in  birds,  and  in  connection 
with  it  is  developed  the  '  stapes.'  The  product  of  the  fourth  is 
homologous  with  a  branchial  arch  in  the  fish :  but  further  evi- 
dence of  such  conformity  with  the  segmental  structure  of  the 
trunkHskeleton  as  is  discernible  in  the  much  modified  anterior 
termination  of  the  body  is  given  by  the  ossific  centres  established 
in  the  primordial  cartilages ;  and  by  the  special  homologies,  de- 
terminable prior  to  confluence,  of  the  bones  developed  therefrom, 
with  the  skull-bones  of  the  lower  cold-blooded  Vertebrates,  which 
retain  their  distinctness  and  depart  less  from  the  archetypal 
arrangement. 

Although,  as  a  general  rule  in  the  class  Aves,  the  separate 
cranial  bones  can  be  discerned  only  at  an  early  period,  yet  in 
those  birds  in  which  the  power  of  flight  is  abrogated,  the  indica- 
tions of  the  primitive  centres  of  ossification  endure  longer ;  and 
in  the  species  here  selected  for  the  illustration  of  the  cranial 
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segments,  the  constituent  bones  of  the  skull,  with  the  exception 
of  the  basioccipital,  i,  the  basi-pre-sphenoid,  6,  9,  and  the  bones 
2,  6,  and  8,  which  coalesce  with  the  petrosal,  16,  have  been  sepa- 
rated by  maceration  merely  in  the  half-grown  bird. 

The  basioccipital,  figs.  26,  and  27,  i,  developes  the  major  part 
of  the  single  articular  condyle,  and  sends  down  a  process,  more 
marked  in  the  Struthious  genera,  and  especially  in  Aptomisy  than 
in  most  other  birds :  in  all  respects  this  primitively  distinct  bone 
retains  the  character  of  the  centrum  of  its  vertebra. 
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The  exoccipitals,  figs.  26  and  27,  s,  contributmg  Bomewliat 
more  to  the  occipital  condyle  than  in  the  Crocodile,  develope,  as 
in  that  reptile,  the  paroccipital,  figs.  27  and  28,  4,  as  an  out- 
standing exogenous  ridge  or  process :  but  it  is  lower  in  position 
than  in  the  Crocodile  (vol.  i.  p.  135,  fig.  93).    The  superoccipital, 

figs.  26,27, 28,8,88  compared  with 
that  of  the  Crocodile^  ib.,  mani- 
fests more  strongly  the  flattening 
and  developement  in  breadth,  by 
which  the  spinous  elements  lose 
the  formal  character  from  which 
their  name  originated^  and  are 
converted  from  long  into  fiat 
bones.  It  always  protects  the 
cerebellum ;  is  absent  in  the  Frog, 
where  this  organ  is  a  mere  rudi- 
ment ;  and  is  present  in  the  Cro- 
codile in  the  ratio  of  the  superior 
size  of  the  cerebellum.  The  fur- 
ther developement  of  the  cere- 
bellum is  the  condition  of  the 
superior  breadth  of  the  spine  or 
crown  of  the  epencephalic  arch, 
fig.  26,  N  I,  in  the  Bird. 

Of  the  three  bones  above  de- 
fined, 2  is  developed  in  the  back 
part  of  the  cartilage  inclosing  the 
ear-capsule,  and  all  bear  the  same 
relation  thereto,  in  the  primordial 
cranium,  as  Nos.  i,  2,  3,  4,  in 
Chelonia  (p.  131,  fig.  92),  and 
as  Nos.  1,  2,  8,  in  the  Crocodile 
(p.  135,  fig.  93).  No.  2,  in  the  Bird,  as  in  the  Crocodile,  in- 
cludes, connately  developed  therewith,  the  bone  4,  in  the  Emys. 
A  basal  view  of  the  epencephalic  arch  is  given  in  the  young 
Ostrich,  fig.  27,  showing  the  proportions  in  which  the  centrum, 
IX,  the  neurapophyses  2,  2,  and  the  neural  spine,  s,  enter  into  the 
formation  of  the  neural  canal  or  *  foramen  magnum,'  i.  The 
connate  element,  4,  stands  out,  like  4  in  figs.  81  and  92,  as  the 
transverse  process  of  the  neural  arch. 

The  second  segment  of  the  skull  has  for  its  central  element 
a  bone,  figs.  26,  27,  5  (basisphenoid),  ossified,  like  some  trunk- 
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centrums,  from  three  points^'  and  in  the  Bird,  as  in  other  Ovipara, 
becoming  confluent  with  that,  9,  which  stands  in  the  same  relation 
to  the  third  cranial  s^ment ;  the  pit  for  the  pituitary  body  marks 
the  boundary ;  but  the  essential  distinction  of  these  centrums  is 
given  by  the  neural  and  haemal  arches.  The  neural  arch  of  the 
parietal  vertebra  retains  the  same  characters  which  it  first  mani- 
fested in  Fishes.  Besides  the  neurapophyses,  6  (alisphenoids), 
impressed  by  the  mesencephalic  ganglia  and  transmitting  the  chief 
part  of  the  trigeminal  nerves,  besides  the  vastly  expanded  and 
again,  as  in  Fishes,  divided  neural  spine,  7  (parietal  bones),  the 
parapophysis,  8  (mastoid)  is  originally  distinct.  It  has  a  similar 
proportional  size  to  that  in  the  Crocodile  (vol.  i  figs.  93,  95,  s) ; 
but  owing  to  the  raised  dome  of  the  neural  arch,  is  relatively 
lower  in  position ;  it  extends  apophysially  downward  and  outward, 
is  ossified  with  the  petrosal,  and  forms  a  large  proportion  of  the 
outer  wall  of  the  otocrane.  Owing  to  the  breadth  and  shortness 
of  the  bird's  brain,  and  the  displacement  of  the  optic  lobes,  the 
neurapophyses  of  the  mesencephalon,  6,  converge  toward  each 
other  anteriorly,  and  support  part  of  the  neural  spine  of  the 
prosencephalon,  u,  as  well  as  th^ir  own,  7.     On  comparing  a  side 
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view  of  the  cranium  of  the  Bird,  fig.  28,  with  that  of  the  Tortoise 
(vol.  i.  fig.  91),  and  Crocodile  (fig.  95),  the  greater  developement 
of  the  epencephalon  brings  its  neural  arch,  2, 3,  into  view,  which  is 
obscured  by  the  growth  of  the  apophysial  part  of  8,  in  the  cold- 
blooded Ovipara :  but  the  connections  of  8  with  2  behind,  with  7 
above,  and  with  the  ear-capsule  within,  are  the  same ;  the  latter, 
however,  being  ossified  in  the  Bird,  but  retaining  its  gristly  state 
in  the  Tortoise. 

*  Gccxzx.  and  xxxn. 
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The  hsemal  arch  of  the  parietal  vertebra,  fig.  26,  40,  43,  is 
more  reduced  than  in  the  Crocodile,  and  owes  much  of  its  appa- 
rently typical  character  to  the  retention  of  the  thyrohyals,  46,  47, 
borrowed  from  a  branchial  arch  of  the  visceral  system,  which 
arches  are  transitorily  manifested  in  the  embryo  bird.  These 
spurious  comua  project  freely  or  are  freely  suspended. 

The  bones,  lo  (orbitosphenoids),  of  the  third  neural  arch  coa- 
lesce with  each  other,  and  with  the  centrum  below,  protect  a 
smaller  proportion  of  the  prosencephalon  than  in  the  Crocodile, 
but  maintain  their  neurapophysial  relation  to  it  and  to  the 
optic  nerves,  below  the  exit  of  which  they  begin  to  ossify.  The 
neural  spines,  u  (frontal),  cover  a  larger  proportion  of  the 
hemispheres,  and,  with  their  homotypes,  7,  exhibit  a  marked 
increase  of  developement  in  conformity  with  that  of  the  cerebral 
centres  protected  by  their  respective  arches.  The  parapophysis 
of  the  frontal  vertebra,  12  (postfrontal),  is  relatively  smaller 
in  the  Bird  than  in  the  cold-blooded  Vertebrates,  and  is  rarely 
ossified  from  an  independent  centre,  as  it  is  in  the  Emeu.  The 
hsemal  arch  of  the  frontal  vertebra,  receding  from  its  typical  posi- 
tion as  the  Hamatocrya  advanced  in  time  and  in  developement,  is 
now  wholly  transferred  to  the  parietal  one ;  its  pleurapophysis  (28, 
the  *  tympanic '),  which  is  simple,  as  in  the  Crocodile,  articulates 
with  the  parietal  parapophysis,  8  (mastoid),  though  this  in  some 
Birds  unites  with  that  of  the  frontal  vertebra,  12.  The  bone,  28, 
is  the  chief  and  most  direct  osseous  developement  fix)m  the  proxi- 
mal portion  of  the  cartilage  of  the  tympano-mandibular  visceral 
arch :  the  special  appendages  of  the  acoustic  organ  are  developed, 
as  in  the  Lizards  and  Snakes  (vol.  i.  fig.  444,  B,  e),  in  connection 
with,  but  not  in  or  from  that  cartilage.  In  the  young  Ostrich 
and  many  other  birds  traces  of  the  composite  character  of  the 
haemapophysis  (mandibula)  are  long  extant ;  and  bear  obviously 
a  homological  relation  to  the  teleologically  compound  character 
of  the  same  element  in  the  Crocodile :  the  pieces,  Nos.  29,  29',  so' 
and  31,  first  coalesce  with  each  other,  and  then  with  the  hasmal 
spine  (32,  '  dentary  element '),  the  halves  of  which  are  confluent 
at  the  symphysis. 

The  centrum,  (i3,  *  vomer ')  of  the  nasal  vertebra  is  single,  and 
usually  coalesces  with  the  neurapophyses  (prefrontals),  u,  and 
pleurapophyses  (palatines),  20,  of  its  own  segment,  and  mth  the 
rostral  production  of  the  frontal  centrum,  9  :  it  is  elongated  and 
pointed  at  its  free  termination,  and  deeply  grooved  above  where  it 
receives  the  above-named  rostrum ;  indicating  both  by  its  form 
and  position  that  it  owes  its  existence,  as  bone,  to  the  ossification 
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of  the  under  and  outer  pui  of  the  anterior  production  of  the 
notochordal  ci^ule.  In  the  jroung  Ostrich  the  pre&phenoidal 
rostrum  intervenes  between  the  Tomer,  is,  and  prefrontals,  14. 
These  latter  bones  manifest  the  essential  neurapophysial  rela- 
tions to  the  rhinencephalon  and  olfactory  nerves :  but  they  early 
coalesce  together  axKi  with  the  rhinal  capsules,  as  in  the  tail- 
less Batrachians.  The  anterior  contraction  of  the  cranial  cavity, 
which  affects  the  orbito-sphenoids,  influences  still  more  the  pre- 
frontals, and,  in  connection  with  the  large  relative  size  of  the  eye- 
capsules,  becomes  the  condition  of  the  extreme  modification  of  the 
neurapophyses  of  the  foremost  cranial  vertebra.  The  neural  spine 
(nasab),  15,  is  divided  along  the  middle  line ;  but  in  most  Birds 
the  suture  becomes  obliterated  and  the  spine  coalesces  with  its 
neurapophyses,  with  the  frontal  spine,  and  with  those  parts  of  the 
haemal  arch  of  the  nasal  vertebra  with  which  it  comes  in  contact. 

The  pleurapophyses  (palatines),  so,  of  this  inverted  arch  retain 
their  typical  connections  with  the  nasal  centrum  and  neurapophy- 
ses at  one  end,  and  with  the  haemapophysis  (maxillary),  si,  at  the 
other  end,  and  they  also  support  die  constant  element  of  the  di- 
verging appendage  of  the  arch  (pterygoid),  24.  The  hasmapophy- 
sis  (maxillary),  21,  resumes  in  birds  more  of  its  normal  proportions 
and  elongated  slender  form,  as  such :  but  the  hasmal  spine  (premaxil- 
lary),  22,  is  largely  developed  though  undivided,  and  sends  upward 
and  backward  from  the  part  corresponding  to  the  symphysis  of 
the  spine,  a  long  pointed  process,  22',  which  joins  and  usually 
coalesces  with  the  neural  spine,  15,  and  divides  the  anterior  outlet 
of  the  haemal  canal  into  two  apertures  called  the  nostrils.  The 
modification  of  the  haemal  arch  of  the  nasal  vertebra  in  the  Lizard 
tribe  is  here  repeated.  The  pleurapophysial  appendage  (pterygoid), 
24,  connects  the  palato-maxillary  arch  with  the  tympanic,  and  in 
the  Ostrich  and  some  other  birds,  also  with  the  basisphenoid,  6, 
and  fig.  27,/:  the  second  or  haemapophysial  ray  of  the  diverging 
appendage  (malar  and  squamosal)  is  developed  in  all  Birds,  as  in 
the  squamate  Saurians,  combining  the  movements  of  the  haemal 
arch  of  the  nasal  vertebra  with  that  of  the  frontal  vertebra,  and 
consisting  of  the  two  styliform  ossicles  (malar,  26,  and  squamosal, 
27),  which  extend  from  the  haemapophysis,  fig.  28,  21,  21",  to  the 
pleurapophysis,  28 :  the  essential  relationship  of  the  compound 
ray,  26  and  27,  with  the  nasal  vertebra,  is  indicated  by  their 
becoming  confluent  with  its  haemapophysis,  at  21",  whilst  they 
maintain  an  arthrodial  articulation  with  the  pleurapophysis,  28,  of 
the  succeeding  vertebra. 

The  bones  of  the  splanchno-skeleton   intercalated   with   the 
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segments  of  the  endoskeleton  in  the  bird's  skull  are  ihe  petrosal, 
I69  between  the  neural  arches  of  the  occipital  and  parietal  verte- 
brae, connate  or  co-ossifying  with  the  elements  of  those  vertebrae 
with  which  it  comes  in  contact;  the  sclerotals,  17,  interposed  be- 
tween the  frontal  and  nasal  neural  arches ;  and  the  thjrohyak, 
47,  retained  in  connection  with  the  debris  of  the  haemal  arch  of  the 
parietal  vertebra.  The  olfactory  capsule  may  be  represented  by 
ethmoturbinal  and  turbinal  processes  in  the  skull;  but  chiefly 
remains  cartilaginous.  The  dermal  bone  (lacrymal),  78,  is  well 
developed  and  constant :  one  or  more  superorbital  dermal  bones 
are  occasionally  present. 

As  the  characters  of  the  occipital  segment  of  the  bird's  cranium 
are  so  obviously  those  of  the  vertebral  neural  arch  as  to  compel 
acceptance  of  the  interpretation  of  its  elements  according  to  the 
terms  of  general  homology,  there  is  d  priori  probability  in  the 
segmental  type  being  continued  to  the  front  end,  as  it  is  to  the 
hind  end,  of  the  vertebral  axis,  notwithstanding  the  modifying 
influences  of  the  large  intercalated  sense-capsules,  and  of  the 
special  uses  to  which  certain  of  the  lower  bony  arches  are  des- 
tined in  the  head.  Developement,  obedient  to  these  demands, 
gives  such  evidence  as  it  can  in  favour  of  the  presumption,  while 
relative  position  and  connections  afford  the  proof.  In  the  fore- 
going description  I  have,  therefore,  explained  the  chief  constitu- 
tion of  the  bird's  skull  in  the  terms  of  general  homology,  and  I 
proceed  to  point  out  some  of  its  principal  modifications  in  those  of 
special  homology. 

The  occipital  condyle  is  single  in  Birds,  varying  from  the 
hemispheroid  to  the  transversely  elliptic  form,  with  sometimes  a 
median  notch  or  pit,  and  in  the  extent  to  which  it  projects;  being 
pedunculate  in  Dinornis,^  but  sessile  as  a  rule.  The  foramen 
magnum  varies  from  a  subcircular  to  a  full  transverse  ellipse, 
and  to  a  vertically  oval  {Dinornis  giganteus)  form,  with  lateral 
encroachments  as  in  Aptornis^  and  Didus;^  its  plane  may  be 
vertical  (ib.),  but  as  a  rule  is  oblique  from  above  downward  and 
forward,  thus  departing  further  from  the  reptilian  character. 
The  basioccipital  in  the  extinct  Aptornis  sends  down,  as  in  the 
Crocodile,  a  deep  plate  below  the  condyle :  it  descends  in  a  less 
degree  in  Dinornisy  in  both  swelling  out  laterally  into  a  pair  of 
tuberosities,  completed  by  ossifications  in  the  basisphenoid  carti- 
lage which  afterwards  coalesce.*  As  a  rule  the  condyle  is  on  a 
level  with  the  basis  cranii.     The  parocftipitals  in  the  low  flat  cra- 

»  XVI'.  vol.  ir.  pi.  24,  6g.  2.  "  Ib.  vol.  iii.  p.  550. 

»  Ib.  vol.  iii.  pi.  52,  fig.  4.  *  Ib.  fig.  1,  5'. 
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nium  of  Dinornis  retain  much  of  their  crocodilian  position,  but 
they  hold  a  lower  one  in  the  loftier  domed  crania  of  other  birds : 
they  vary  in  the  developement  of  their  apophysial  part,  standing 
further  out,  e.g.,  in  Rhea  and  Struthioy  than  in  Dromaius.  The 
occipital  region  is  bounded  above  by  the  arched  ridge  formed  by 
the  insertion  of  the  muscles  longus  colli  postictis  and  complexus, 
in  large  and  powerful  birds ;  and  is  bisected,  as,  e.  g.,  in  the  Eagle, 
by  a  median-vertical  ridge  dividing  the  transverse  one  into  a  pair 
of  arches :  in  Dinornis  a  prominence  between  the  insertions  of 
the  longus  colli  posticus  and  complexus  subdivides  the  transverse 
ridge  into  four  arches;  and,  here,  a  lower  transverse  ridge, 
bounding  the  insertions  of  the  recti  cap.  postici  and  trachelo- 
mastoidei,  overarches  the  foramen  magnum.*  In  smaller  and  less 
robust  birds  a  cerebellar  prominence  marks  the  middle  of  the 
occipital  region :  in  some  species  the  pressure  of  the  brain  from 
within,  and  the  muscles  from  without,  reduces  the  thin,  bony 
wall  in  some  places  to  its  membranous  lining,  leaving  openings  in 
the  dry  skull  commonly  on  each  side  of  the  cerebellar  prominence. 
These  have  been  termed  ^  fontanelles,'  as  if  they  were  due  to 
original  arrest  of  cranial  ossification,  but  the  latter  explanation 
applies  to  openings,  usually  reduced  to  a  venous  outlet,  between 
the  exoccipital  and  mastoid.  In  certain  Doves,  Owls,  Parrots, 
and  the  Dodo,  there  is  a  median  ^  superoccipital '  foramen,  usually 
accompanied  by  a  pair  of  venous  foramina. 

The  basisphenoid  chiefly  differs  in  the  presence  or  absence  of 
*  pterapophyses.'  ^  They  are  longest  in  the  Struthionides,  fig.  27, y,* 
are  short  and  thick  in  Dinornis  and  Apteryz,  and  abut  against  the 
tympanic  end  of  the  pterygoids ;  they  are  shorter  in  Grallatores 
(  Vanellus)  and  Rasores  ( Columba,  Tinamus,  Syrrhaptes)^  and 
their  abutment  is  nearer  the  middle  of  the  pterygoids ;  they  are 
absent,  or  are  too  short  to  reach  the  pterygoids,  in  the  Dodo, 
Owls,  Diurnal  Raptores,  and  most  other  Birds.  In  the  Emeu, 
Apteryx,  and  Dinornis,  the  basisphenoid  shows  a  median  perfora- 
tion. The  sides  of  the  basisphenoid,  obliquely  grooved  by  the 
Eustachian  canals  {Dinornis)  and  excavated  to  form  the  base  of 
the  tympanic  cavity,  in  some  birds  extend  outward  to  the  tym- 
panic process  of  the  mastoid,  and  with  it  grasp  the  hinder  condyle 
of  the  tympanic. 

The  mesencephalic  fossa  and  the  *  foramen  ovale'  for  the  transit 
of  the  fifth  or  trigeminal  nerve  indicate  the  alisphenoid,  fig.  28, 6, 

•  XVI'.  Yol.  iii.  pL  52,  fig.  4. 

'  First  indicated  as  such  in  zri*.  vol.  iii.  p.  351  (Jannary,  1848);  see  also  xliy.  p. 
303,  no.  1601.  '  XLIT*.  p.  259. 
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and  its  general  homology  as  a  ^  neurapophysis ; '  its  extent  and 
cx)nnections  are  shown  in  fig.  8,  p.  22,  of  CXL,  and  in  the  speci- 
men, No.  1363,  of  XLiv ;  it  articulates  below  with  the  basi- 
sphenoid,  behind  with  the  mastoid,  8,  and  petrosal,  above  with  the 
parietal,  7,  and  frontal,  ii,  in  front  with  the  orbitosphenoid,  lo, 
combining  with  it  to  form  the  foramen  lacerum  anterius,  through 
which  orbital  portions  of  the  fifth  nerve  pass ;  and  which  usually 
blends  with  the  common  foramina  optica,  encompassed  in  great 
part  by  the  orbitosphenoid. 

The  homology  of  s,  figs.  25, 28, 31,  with  the  bone  so  numbered, 
and  called  '  mastoid'  in  vol.  i.  figs.  75,  81,  91,  92,  93,  95,  and  97, 
is  plain ;  it  forms  part  of  the  cavity  for  the  otic  capsule,  as  in 
Fishes,  and  part  of  the  tympanic  cavity,  as  in  the  air-breathing 
Hsematocrya.  As  in  Reptiles,  it  offers  the  articular  cavity  to  S8, 
a  relation  partially  fulfilled  in  Fishes ;  it  sends  off  the  second, 
counting  forward,  of  the  great  outstanding  processes  for  the  in- 
sertion of  muscles  from  the  trunk  and  neck ;  it  is  developed  in 
and  from  the  thick  lateral  cartilaginous  mass  of  the  primordial 
cranium,  connately  with  the  otic  capsule  (petrosal).  Besides  the 
'  mastoid  process,'  figs.  27,  29,  8,  a  second  so-called  '  tympanic 
process'  is  developed  in  some  Birds.*  The  articular  cavity  for 
the  bone,  28,  is  single  in  Apteryx,  Dinomisy  Struthio,  and  a  few 
other  birds,  but  double  in  most;  in  Aptomis  there  are  three 
articular  surfaces.'  The  mastoid  process  varies  in  shape  and  size ; 
in  a  few  birds,  as  in  Cafyptorhynchus  and  Aptomis,  it  repeats 
the  secondary  character  more  commonly  seen  in  Reptiles  by  unit- 
ing with  the  third  cranial  diapophysis,  12,  and  forming  an  upper 
zygomatic  arch  across  the  temporal  fossa.'  The  optic  foramina 
indicate  the  orbitosphenoids,  which,  like  neurapophyses  of  the 
trunk,  in  certain  instances,  coalesce  below  and  divide  their  s^- 
ment  of  the  neural  axis  from  the  vertebral  centrum.  In  Birds 
they  are  uplifted,  as  in  the  Perch  (vol.  i.  fig.  85,  lo),  far  above 
the  representative,  9,  of  their  centrum.  The  divergence  of  the 
neural  laminae  above  the  median  confluence,  to  support  the  pros- 
encephalon, is  well  shown  in  cxL.  fig.  8,  and  in  the  specimen. 
No.  1363,  XLIY.,  p.  262.  In  the  antecedent  neurapophyses,  14, 
the  tendency  to  median  confluence  increases,  and  they  become 
confluent  not  only  below,  but  above  their  segment,  encompassing 
the  canal,  foramen,  or  foramina,  for  the  olfactory  nerves  (rhi- 

'  Bnstard,  xnir.  yoI.  iii  p.  352,  pi.  52,  fig.  9,  8'.  •  lb.  p.  352. 

•  lb.  p.  352,  pi.  52,  fig.  1,  8,  12;  CXL'.  pi.  1,  fig.  1,  8,  12.  In  the  memoir  abore 
cited  this  skull  is  described  as  belonging  probably  to  D.  Ctuuarinus,  ib.  p.  376; 
it  is,  however,  of  D.  didi/ormis,  since  gcnericallj  separated  ns  AptamU, 
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nencephalic  prolongations  of  the  neural  axis),  and  in  some  birds 
expanding  above,  and  appearing,  as  in  Batrachiay  on  the  exterior 
of  the  cranium,  as  between  ii  and  15,  in  fig.  29,  and  at  u,  fig.  31. 
The  confluent  prefrontals,  fig.  28,  u,  support  the  fore  part  of  the 
frontals,  11,  and  a  greater  proportion  of  the  nasals,  15 ;  they  are 
in  most  birds  raised  far  above  the  (hypa- 
pophysial)  ossification  of  the  lower  cor- 
tical part  of  their  centrum,  called  the 
*  vomer,'  fig.  32,  13,  the  large  eyeballs, 
and  their  thin  but  deep  interorbital  sep- 
tum, being  interposed ;  this  septum  is 
ossified  in  different  degrees  in  different 
birds.  The  typical  position  of  the  pre- 
frontals is  retained  in  Apteryx  and  Di- 
nornis.  The  condition  of  the  prefrontals 
in  some  fishes  (^XiphiasY  will  aid  the 
comprehension  of  the  developement  of 
the  prefrontals  between  the  orbits  in 
these  wingless  birds.  The  frontals  are 
large,  triangular  (fig.  29,  11),  or  sub- 
rhomboid,  plates.  The  post-frontal  ap- 
pears as  a  distinct  bone  in  some  birds 
(Emeu)'  fig.  31,  12;  it  varies  much  in 
length  ;  it  bends  down,  and  is  the  longest 
of  the  three  cranial  diapophyses  in  the 
Eagles;  it  curves  forward,  meets,  and 
coalesces,  with  a  backward  production  of 
the  lacrymal  in  some  Parrots,  fig.  30,  off. 

The  nasal  bones  rarely  unite  with  each  other  in  any  proportion, 
fig.  29, 15  ;  in  most  birds  they  are  separated  by  the  union  of  the 
nasal  process  of  the  premaxillary,  22', 
with  the  frontal  or  prefrontal :  save  in 
the  Emeu,  fig.  31,  15,'  and  some  other 
StruthionidcB,  the  nasal  bifurcates  ante- 
riorly to  form  the  hind  boundary  of  the 
nostril,  and  the  hinder  prong  descends 
to  join  the  maxillary,  dividing  the 
nostril  from  the  antorbital  vacuity. 

The  premaxillary,  figs.  28-32,  22, 
upon  which  the  upper  mandible  is  moulded,  follows,  in  a  minor 
degree,  all  the  varieties  of  that  much  diversified  part  in  Birds :  it 

»  CXL*.  p.  62,  pi.  1,  fig.  5.  1 4.  «  xvin-.  vol.  ill  pi.  39,  figs.  1  and  2,  12. 

•  xvixr.  vol.  iii.  pi.  89,  14. 
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SktUl  of  Parrot. 
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is  a  single  bone^  expands  from  before  backward^  and  divides  into 
a  superior  and  medial  nasal  process^  ib.  2/5  and  a  pair  of  infero- 
lateral  maxillary  processes,  ib.  22 ;  the  interval  between  the  nasal 
and  maxillary  processes  being  the  fore  part  of  the  outer  bony 
nostril.  The  nasal  process  indicates  by  a  median  slit  or  groove  Ae 
typical  duality  of  the  bone  in  the  GaUincB  and  a  few  other  birds: 
the  maxillary  process  usually  sends  off  a  *  palatal '  plate>  fig.  32, «. 


Sknll  of  Emea  (DromaiMt}. 


The  maxillary,  figs.  27-32,  21,  is  a  small  and  usually  slender 
bone,  anteriorly  expanded  and  engrained  into  the  notch  be- 
tween the  maxillary  and  palatal  processes  of  the  premaxiUary: 
usually  uniting  also  with  the  nasal,  and  in  some  birds  with  the 
lacrymal,  73,  and  vomer,  13  ;  it  then  bifurcates  posteriorly  on  the 
horizontal  plane  to  join  the  malar,  26,  and  the  palatine,  20.  The 
palatine  process  sometimes  developes  from  its  upper  surface  a 
turbinal  structure.  In  the  Rhea  the  palatine  plate  of  the  maxil- 
lary is  perforated :  in  the  Emeu,  Ostrich,  Apteryx,  and  in  most 
birds,  it  is  entire :  it  is  of  great  breadth  in  the  Night-jars  (  Capri' 
mulgusy  Podargus)y  and  is  both  long  and  broad  in  the  Apteryx. 
In  Struthio  and  Rhea  the  maxillary  sends  upward  a  process  to- 
wards the  nasal,  the  descending  maxillary  process  of  which  is 
wanting. 

The  palatines,  fig.  32,  20,  articulate  by  a  longitudinally  grooved 
mesial  surface  to  the  vomer,  13  {Emeu),  more  commonly  to  both 
this  bone  and  the  presphenoid,  or  to  the  latter  only :  they  give  at- 
tachment posteriorly  to  the  pterygoids,  24  :  they  diverge  as  they 
extend  forward,  developing  a  *  meatal '  plate  mesially,  which  par- 
tially bounds  the  posterior  nostril,  and  a  *  muscular'  plate  externally 
for  the  attachment  of  the  entopterygoideus ;  they  then  extend  for- 
ward, parallel  or  converging,  to  join  the  maxillaries,  and  some- 
times also  the  vomer,  and  there  complete  the  roof  of  the  mouth. 
In  the  StruthionidtB  the  *  palatal '  part  is  short  and  broad  ;  arti- 
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culates  laterally  with  the  maxiUary,  and,  as  it  retrogrades,  ex- 
pands, mesiad,  to  abut  upon  the  presphenoid  {Struthio)  or  hind 
part  of  the  vomer  {Dromaius,  fig.  32, 13),  and  to  articulate  with 
the  pterygoids :  the  palatines  nowhere  meet  in  the  median  line, 
and  the  meatal  process  is  wanting.  In  the  Apteryx  the  palatines 
coalesce  anteriorly  with  the  maxillaries,  posteriorly  with  the  pte- 
rygoids, have  a  straight  outer  and  a  concave  inner  border,  from 
which,  posteriorly,  is  continued  the  *  meatal '  plate  curving  inward 


Skull  of  Emeu  {Dromatua). 


and  forward,  obliquely,  about  the  hind  part  of  the  meatus,  and 
applying  itself  mesiad  to  the  vomer  and  presphenoid.  In  Nata- 
toresy  and  most  Grallatores,  the  palatines  meet  each  other  poste- 
riorly, for  a  short  extent,  before  diverging  as  they  advance  to 
bound  posteriorly  the  palatine  nostril.  In  the  Pelecanid(B  the 
mesial  union  is  extensive  beneath  the  presphenoid  and  vomer. 
In  Tinamus  the  palatines  join  behind;  they  there  touch  each 
other  for  a  shorter  extent  in  Columbidce ;  but  in  most  Gallinacea 
they  are  kept  apart  by  the  presphenoid.  In  Podargus  and  some 
other  Fissirostrals  the  palatines  are  short  and  broad,  and  exten- 
sively joined  together  behind  the  small  palatal  nostril.  In  Rap^ 
tores  the  palatines  meet  behind  beneath  the  presphenoid  and 
vomer :  the  meatal  plate  devclopes  a  ridge,  descending,  to  increase 
the  concavity  of  the  entopterygoideal  surface,  the  outer  border  of 
which  also  descends  ;  and  these  carinal  boundaries  of  that  surface 
are  found  in  many  birds.  The  extent  of  the  palatine  plate  varies 
in  diiferent  birds ;  it  is  largest  in  StruthionidcBy  large  in  RaptoreSy 
and  least  in  the  Gallince :  in  the  Tinamous  and  Pigeons  it  is  of 
moderate  size.  In  the  Emeu  it  has  a  large  vacuity;*  it  is  per- 
forate in  Tinamus,  and  in  some  Grallatores. 

The   pterygoids,   figs.  27,  32,  24,   articulate  with   the   outer 
and  hinder  angles  of  the  palatines  by  a  squamous  overlapping 

.»  xvr.  Tol.  iii.  pi.  39,  fig.  2,  20. 
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Buture  in  Strutkio,  where  they  are  wide  apart,  and  pass  abnoBt 
parallel  backward  to  join  the  pterapophyses  of  the  basisphenoid 
and  the  tympanies ;  developing  a  broad  plate  mesially  to  abut 
upon  the  presphenoid :  their  palatine  ends  are  nearer  each  other, 
and  their  course  to  the  tympanies  more  divergent^  in  the  Emeu, 
Apteryx,  Hemipode :  they  touch  each  other  anteriorly  in  some 
birds;  and,  in  a  few  {PodicepSy  Sula^  Ibis,  Argala^  Scolopax)^ 
have  a  short  extent  of  mutual  junction  before  diverging.  In 
Rhea  the  fore  part  of  the  pterygoid  is  slender,  is  attached  to  the 
vomer  and  presphenoid,  traverses  obliquely  the  upper  surface  of 
the  palatine  plate,  with  which  it  ultimately  coalesces,  and  becomes 
engrained  between  the  pterapophysis  and  orbital  process  of  the 
tympanic  before  abutting  upon  the  inner  and  lower  condyle  of 
that  bone.  In  general  the  pterygoids  are  straight  and  slender; 
they  diverge  at  an  open  angle  in  Raptoresy  at  an  acute  angle  in 
Colymhusy  are  nearly  parallel  and  longitudinal  in  Struthio,  with 
intermediate  relative  positions  in  other  birds.  In  Raptores  their 
connections  are  limited  to  the  essential  terminal  ones  with  the 
palatines  and  tympanies:  in  some  other  birds  they  articulate, 
occasionally  by  a  distinct  process,  with  pterapophysial  extensions 
of  the  basisphenoid,  limiting  the  movement  of  the  tympanic,  and 
adding  strength  and  fixity  to  the  upper  mandible :  in  most  birds 
there  is  a  prominence  or  process  from  the  hinder  border  for  liga- 
mentous attachment  to  the  basisphenoid.  In  Rhea  there  is  an 
articular  process  for  the  orbital  plate  of  the  tympanic.  The 
tympanic  joint  is  double  in  Pheasants  and  Plovers. 

The  bone,  figs.  28-32,  26,  answering  to  that  so  numbered  in 
figs.  91,  92,  93,  95,  vol.  i,,  is  a  straight,  slender,  usually  triedral, 
style  in  birds,  articulating  with  20  by  one  end  and  with  27  by  the 
other,  and  in  some  birds  being  joined  by  a  descending  process 
from  the  lacrymal.  It  combines  all  the  essential  homological 
characters  of  the  *  malar,'  those,  ^iz.,  derived  from  relative  position 
and  connections  ;  and  exemplifies  the  unimportance  of  configura- 
tion :  showing  the  opposite  extreme  to  the  scale-like  shape  of  the 
bone  in  the  Turtle,  fig.  91, 26,  vol.  i.  The  malar  of  the  Crocodile, 
fig.  95,  26,  offers  an  intermediate  modification  of  form.  The 
malar  in  the  bird  overlaps  the  maxillary  by  an  oblique  suture^  as 
in  the  Reptiles. 

The  zygomatic  connection  between  the  maxillary  and  tympanic 
is  completed  by  the  bone,  figs.  28-32,  27,  which  has  the  same 
slender  figure  as  26,  with  which  it  early  coalesces ;  but  preserves 
a  moveable  articulation  with  28  by  a  convex  condyle  adapted  to 
the  acetabulum  on  the  outer  side  of  the  tympanic.     The  two 


OSSEOUS   SYSTEM   OF  AVES.  S5 

bones,  26  and  %7,  which  become  blended  together  in  young 
StruthwnidiB  before  the  confluence  with  the  maxillary  is  complete, 
extend  backward  in  all  adult  birds,  usually  in  a  straight  line, 
from  the  maxillary  to  the  tympanic.  In  the  Cassowary  the  zygo- 
matic arch  presents  a  slight  expanse  and  outward  bend  of  the 
squamosal;  in  Didus  it  shows  a  slight  downward  as  well  as 
outward  bend*  In  some  Parrots  and  in  Hombills  {Buceros), 
the  malo-squamosal  zygomatic  style,  fig.  30,  /,  has  a  moveable 
cotyloid  joint  at  both  ends ;  in  some  Caprimulgi  it  is  anchylosed 
at  both  ends. 

In  the  birds  in  which  the  upper  mandible  is  moveable,  either, 
as  in  Parrots,  by  articulation,  or  as  in  many  other  birds  by 
flexibility  of  the  nasal  process  of  the  premaxillary,  the  movements 
of  the  tympanic,  to  and  fro,  upon  its  proximal  joint,  are  transferred 
by  the  zygoma  to  the  maxillary,  and  by  the  pterygoid  to  the 
palatine :  and  thus  by  the  forward  rotation  of  the  tympanic  the 
upper  jaw  is  raised,  at  the  same  time  that  the  lower  jaw  by  the 
action  of  the  digastricus  may  be  depressed. 

Before  anatomy  had  reached  its  homological  phase,  omitho- 
tomists  called  the  zygomatic  styles  ^  ossa  communicantia,*  and  the 
pterygoids  *  ossa  homoidea,  seu  interarticularia ; '  the  following 
bone  was  termed  '  os  quadratum.' 

In  the  tympanic,  figs.  28, 31,  S8,  are  to  be  noticed  the '  mastoid  * 
and  ^  mandibular '  ends,  and  the  intermediate  body  giving  attach- 
ment at  its  back  part  to  the  ear-drum,  and  sending  from  its  fore 
part  the  *  orbital'  process.  The  mastoid  articular  end  is  obliquely 
extended  from  behind  forward  and  outward:  the  body  slightly 
contracts  below ;  then  expands  and  becomes  triedral  at  the  set- 
ting off  of  the  broad  compressed  angular  orbital  process :  below 
this  process  the  mandibular  end  is  much  expanded,  chiefly  trans- 
versely :  it  presents  two  articular  surfaces ;  the  outer  one,  elon- 
gate or  reniform,  partly  concave,  partly  convex ;  the  inner  one 
a  shorter  elliptic  or  oblong  convexity;  the  intermediate  non- 
articular  tract  varies  in  different  birds.  On  the  outer  side  of  the 
mandibular  end  is  a  hemispheric  articular  cavity  for  the  'squa^ 
mosal.'  In  most  birds  the  mastoid  condyle  is  divided  into  two, 
the  inner  and  posterior  encroaching  upon  the  paroccipital,  and 
showing,  in  an  interesting  way,  the  course  of  retrogression  of  the 
tympano-mandibular  arch  from  the  fish  to  the  warmblooded  ovipara. 
Most  Cursores  and  Rasores,  Apteryx^  PezuSy  Rhynchotisy  have 
but  one  condyle,  as  in  Lizards.  The  car-drum  is  attached  to  the 
back  part  of  the  pedicle  obliquely  from  its  outer  margin  above  to 
>  xn*.  torn.  ill.  pL  39,  figt.  8, 0,  and  xziv't 
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the  inner  one  below,  whence  the  membrane  is  continued  to  the 
basisphenoid,  paroccipital,  and  round  by  the  mastoid  to  the  tym- 
panic again.  A  part  of  the  periphery  of  the  drum  may  show  an 
epiphysial  bony  rim.  In  some  birds  there  is  a  well-defined  flat 
oval  surface  on  the  outer  side  of  the  pedicle  for  a  corresponding 
surface  on  the  mastoid  process : '  most  show  a  distinct  articular 
surface^  on  the  inner  side  of  the  lower  part  of  the  base  of  the 
orbital  plate  for  the  pterygoid :  thus,  including  the  squamosal  pit 
and  two  mandibular  condyles,  there  may  be  not  fewer  than  seven 
articular  surfaces  in  the  tympanic  bone  of  the  Bird.  Its  orbital 
process  is  a  greater  developement  of  the  anterior  lamina  of  the 
Crocodile's  tympanic,  fig.  93,  28,  vol.  L  ;  the  size  of  the  process 
is  one  of  the  chief  characteristics  of  the  tympanic  in  the  Bird,  and 
shows  much  variety  of  shape  and  proportion  in  the  class.'  Its 
apex  may  be  truncate  {Didus\^  or  rounded  {Dinorjiis),  or  pointed 
{Aquila).  A  large  pneumatic  foramen  may  be  situated  on  the 
inner  side  of  the  pedicle;  or  on  the  hinder  facet  below  and  be- 
tween the  upper  condyles,  or  in  both  situations. 

The  mandible  or  lower  jawbone  is  ossified  usually  from  nine 
centres ;  the  anterior  being  the  first  to  appear,  forming  the 
chief  and  characteristic  part,  fig.  25,  H.  iii,  of  the  bone.  It 
bifurcates  as  it  extends  backward  to  form  the  homologues  of  the 
dentary  elements,  fig.  31,32,  which  are  thus  *  connate 'at  their 
symphysis.  The  Pelicans  are  an  exception,  and  exemplify  the 
normal  separate  ossification  of  each  dentary,  becoming  subse- 
quently confluent  for  a  small  extent  anteriorly.*  The  ^suran- 
gular,'  ib.  29',  speedily  unites,  if  it  be  not  connate,  with  the 
*  articular,'  29 :  the  angular,  30,  remains  longer  distinct,  but  co- 
alesces first  with  the  articular :  the  splenial  element,  3i,  coalesces 
first  with  the  dentary,  and  retains  longest  its  primitive  indepen- 
dence posteriorly. 

In  the  Garefowl  (^Alca  impennis),  each  dentary  retains  its  bi- 
furcate hind  end  distinct,  the  upper  prong  overlapping  the  sur- 
angular,  the  lower  one  the  angular  ;  and  these  two  latter  elements 
are  divided  by  an  oblong  space  partly  closed  within  by  the  sple- 
nial :  there  is  also  a  foramen  at  the  back  part  of  the  surangular. 
The  splenial  retains  its  distinctness  posteriorly,  and  a  groove  on 
the  lower  margin  of  the  ramus  indicates  the  extent  of  its  for- 
ward production  to  its  confluence  with  the  dentary.  A  vacuity 
between  the   angular   and   surangular  remains   in  many    birds, 

>  xvr.  vol.  iii.  p.  356,  pi.  53,  fig.  9,/  *  lb.  fig.  10,  g, 

■  Compare  ib.  pi.  39,  figs.  7,  8,  9,  a,  and  pi.  53,  figs.  8,  9,  k. 
*  Ib.  vol.  iii  p.  35,  *  xxui*. 
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e.g.  Cracticus,  Anthoch(Bray  Lanius,  amongst  Cantoresy  but  chiefly 
in  the  aquatic,  wading,  and  terrestrial  orders  {Tetraoy  Dinor^ 
niSy  DiduSy  Notornisy^  Porphyria y  Tantalus y  RhyncopSy  Uria). 
The  Coots  show  a  second  elliptical  vacuity  at  the  base  of  the 
coronoid  rise  of  the  surangular,'  In  RkyncopSy  the  long  com- 
pressed symphysial  part  of  the  mandible  descends  below  the 
level  of  the  angular^  the  lower  border  of  the  mandible  having  a 
deep  notch  there.  The  symphysial  part  partakes  in  a  minor 
degree  of  all  the  various  modifications  of  the  lower  mandible. 
The  angular  is  chiefly  extended  transversely,  and  to  the  inner 
side  of  the  ramal  axis,  to  form  the  surfaces  adapted  to  the  tympa- 
nic condyles,  a  deep  and  smooth  depression  usually  di\'iding 
them :  the  inner  joint,  in  Parrots,  is  a  longitudinal  groove ;  the 
outer  one  is  a  longitudinal  convexity.  An  angular  process 
extends  from  the  inner  or  medial  side  of  the  articular  expansion ; 
there  is  also,  in  some  birds,  a  similar  process  from  its  back  part, 
and  this,  in  the  Grouse  tribe,  especially  the  male  Urogallusy  is 
much  elongated  and  bent  up.  The  temporal  muscles  are  inserted 
into  an  elongate  rough  tract,  or  slight  elevation,  of  the  upper 
border  of  the  surangular :  it  is  rarely  raised  into  a  *  coronoid ' 
process :  but  this  is  conspicuous  in  the  conirostral  Cantoresy  and 
especially  in  the  Grosbeak  and  Crossbill.  The  latter  bird  shows 
a  want  of  symmetry  in  the  mandibular  rami ;  and  there  is  a  large 
sesamoid,  wedged  into  the  back  and  inner  part  of  the  joint  of  the 
lower  jaw.^ 

Through  the  arrested  dcvelopemcnt  of  the  hyoid  arch  (cerato- 
and  stylo-hyals),  the  tongue  of  Birds  is  not  suspended  by  attached 
inverted  piers,  but  is  slung  to  the  cranium,  when  its  branches  are 
sufficiently  long,  by  ^  thyro-hyals,'  usually  including  the  hypo-,  figs. 
26,  31,  46,  and  cerato-,  ib.  47,  branchial  elements;  they  are  long 
and  slender.  The  basihyal,  figs.  26,  31, 33, 4i,  M,  is  subcylindrical 
and  expanded  at  the  ends;  the  front  end  usually  presenting  a 
trochlear  articular  surface,  convex  transversely,  concave  vertically, 
for  the  glossohyal,  or  for  the  ceratohyal,  or  for  both  elements. 
The  ceratohyal,  ib.  4o,  cA,  is  always  short,  usually  extending  for- 
ward from  its  attachment  as  well  as  backward,  and  the  forward 
production  often  unites  with  its  fellow,  so  as  to  form  the  basal 
part  of  the  direct  support  of  the  tongue.  In  this  case  the  glosso- 
hyal,  ib.  42,  articulates  with  the  ceratohyals;  rarely  also  with 
the  basi-hyal,  bh,  as  in  the  Crane,  fig.  33,  c.     The  basihyal  is  of 

*  XVI*.  vol  iii.  pi  53,  fig.  1.  *  lb.  figs.  I  and  7,  w. 

»  vir.  p.  277. 
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extreme  length  and  tenuity  in  the  Woodpeckers,  ib.  bh,  T>,  and 
supports  at  its  fore  end  the  barbed  glossohyal,  ib.  ffh.  Sometimes 
the  urohyal,  fig.  3J,  43,  is  confluent  with  thebasihyal(^fea  impennis, 

Vanellusy  Columba);  more  often 
articulated  therewith,  or  with 
both  basi-  and  thyro-hyak,  fig.  83, 
Cyuh{Gruscinereay  The'thyro- 
hyals '  usually  retain  the  two  ele- 
ments of  the  branchial  arch  above 
cited,  and  shown  in  figs.  26  and 
31,  46  and  47,  fig.  33,  hb,  cb. 

Only  in  a  skull  of  the  extinct 
Aptomis  have  I  seen  an  ossified 
*  stylohyal : '  it  was  anchylosed  as 
a  styloid  process  to  the  side  of 
the  inferiorly  produced  basisphe- 
noid.^ 

The  bone,  figs.  26,  28,  2*9,  31, 
73,  situated  at  the  fore  part  of  the 
orbit  and  pierced  or  grooved  by 
the  lacrymal  duct,  articulates, 
when  not  anchylosed,  to  the 
frontal,  nasal,  and  prefrontal ;  it 
usually  sends  one  process  from 
its  upper  part  arching  over  the 
upper  and  fore  part  of  the  orbit ; 
and  a  second  process,  from  its  un- 
der part,  downward  to  abut  upon 
the  maxillary,  dividing  the  orbital 
from  the  antorbital  vacuity. 

Like  the  lacrymal  in  Fishes, 

this  bone  in  some  birds  is  con- 

1  jl  nected  with  a   suborbital  frame 

I  /       I  extending    to     the     post-frontal 

\        f       ,  {Macrocercus,  Striffops),  fig.  30, 

o,  ff,  and  even  with  the  mastoid 
( Cali/ptarhynchusy  PlyctolophuSy 
Licmetes,  Microglossus  aterrimus, 
Lathamus). 

The  superorbital  part  of  the  lacrymal  is  broad  and  flat,  in  Aquila, 
and  articulates  with  a  similar  superorbital  derm-bone :  in  VuUur 
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it  is  longer  and  more  slender.  In  Casuarius  the  lacrymal  coalesces 
with  the  fix>ntal9  prefrontal,  and  nasal,  but  retains  its  freedom 
in  other  StruthionidtB.  The  lacrymal  is  very  large  in  Dacelo 
and  TrochiluSy  fig,  18,  /!. 

The  skull  in  the  Baptoresy  especially  in  the  nocturnal  division, 
is  short,  broad,  and  high,  in  proportion  to  its  length,  and  the 
cranium  is  large  compared  with  the  face.  The  occipital  foramen 
is  almost  horizontaL  The  superoccipital  muscular  depressions  are 
well  defined.  The  temporal  fossae  are  not  very  deep,  and  are 
wide  apart  superiorly.  The  cerebral  convexities  are  not  strongly 
marked;  the  frontal  region  is  flat.  A  longitudinal  furrow 
extends  along  the  whole  upper  surface  of  the  cranium  in  some 
Owls. 

The  cranium  of  the  Warblers  presents  a  more  regular  sphericity, 
but  the  interorbital  space  is  very  concave.  The  anterior  parietes 
of  the  orbits  are  large,  from  the  size  of  the  lacrymal  bone  and 
of  the  transverse  lamina  of  the  prefrontal ;  the  internal  and  pos- 
terior orbital  parietes  are  defective ;  the  optic  foramina  are  com- 
monly blended  into  one,  and  continuous  with  the  larger  fissures 
above. 

In  the  Parrots  the  upper  surface  of  the  cranium  is  flattened  or 
slightly  convex,  and  greatly  extended  in  breadth  between  the 
orbits  for  the  articulation  of  the  naso-premaxillary  bone,  fig. 
30,  w. 

In  the  Toucans  the  cranium  slightly  increases  in  breadth  to 
the  anterior  part  where  it  is  joined  to  the  enormous  bill.  Its 
superior  surface  presents  an  equable  convexity.  The  temporal 
fosssB,  like  those  of  the  Parrots,  are  small,  and  wholly  confined  to 
the  lateral  aspects  of  the  cranium.  The  posterior  surface,  which 
is  absolutely  concave  in  the  Macaws,  from  the  backward  exten- 
sion of  the  paroccipitals,  is  slightly  convex  in  the  Toucans,  where 
it  is  separated  from  the  upper  surface  by  a  regularly  arched  ridge. 
The  cerebellar  prominence  extends  over  the  occipital  foramen,  the 
plane  of  which  inclines  forward  and  downward  from  the  horizontal 
line  at  an  angle  of  45^  The  circumference  of  the  orbit  is  un- 
inclosed  by  bone  at  the  posterior  part,  the  postorbital  processes 
of  the  frontal  not  being  developed  as  in  most  Parrots.  The 
septum  of  the  orbits  is  very  incomplete.  The  nostrils  open  on  the 
posterior  part  of  the  upper  mandible,  which  presents  a  smooth 
entire  surface  formed  by  the  thin  parietes  of  the  dilated  cellular 
osseous  tissue. 

In  the  Helmeted  Hornbill  {Buceros  galeatui)  the  outer  sur- 
face pf  the  skull  is  sculptured  with  irregular  furrows  and  risings. 
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recalling  the  surface  of  the  skull  in  the  Crocodiles.  The  occiput 
is  concave,  and  separated  by  a  strongly  developed  ridge  from  the 
temporal  fossae,  which  almost  meet  at  the  vertex.  The  bony 
septiun  of  the  orbits  is  complete,  and  formed  by  two  strong  plates, 
separated  by  an  intermediate  cellular  diploe,  except  at  the  pos- 
terior part.  The  optic  foramina  are  distinct;  each  is  directed 
transversely  outwards. 

In  the  Woodpeckers  the  cranium  is  rounded,  the  temporal 
fossas  shallow,  the  internal  wall  or  septum  of  the  orbits  incom- 
plete, but  the  anterior  boundary  is  well  developed.  The  posterior 
facet  of  the  cranium  is  raised.  The  superior  surface  is  traversed 
by  a  wide  furrow  extending  longitudinally  forward,  generally  to 
the  right,  but  sometimes  also  to  the  left,  as  far  as  the  lacrymal  bone. 
In  some  of  the  larger  species  of  Woodpecker,  as  the  Picus  majors 
L.,  the  cranial  furrow  is  more  symmetrical.  In  the  Humming- 
birds it  is  double,  the  hyoidean  furrows  being  separated  at  first 
by  the  cerebellic  protuberance,  and  afterwards  by  a  mesial  longi- 
tudinal ridge. 

The  skull  is  remarkable  for  its  length  in  the  majority  of  the 
Waders.  In  the  Herons  and  Bitterns  the  occipital  region  is  low, 
and  inclines  from  below  upward  and  forward;  it  is  separated 
from  the  upper  and  lateral  regions  by  a  well-developed,  sharp, 
lambdoidal  crest ;  and  it  is  divided  into  two  lateral  moieties  by  a 
slight  longitudinal  ridge.  The  temporal  fossae  are  deep  and  wide, 
and  extend  upward  to  the  sagittal  line,  along  which  an  osseous 
crest  is  developed.  The  cranium  is  expanded  anteriorly  to  the 
above  fossae,  for  the  lodgment  of  the  cerebral  hemispheres,  the 
interspace  of  which  is  indicated  by  a  deep  longitudinal  furrow. 
The  roof  of  the  orbits  is  expanded  laterally,  which  gives  great 
breadth  to  this  part  of  the  head,  but  the  posterior  orbital  walls 
are  very  imperfect,  and  the  internal  walls  or  septum  almost  wholly 
wanting.  The  optic  foramina  are  blended  with  each  other  and 
with  the  smaller  foramina,  which  in  other  birds  represent  ihe  fora- 
men lacerum  orbitale. 

Woodcocks,  Snipes,  Curlews,  and  Lapwings  resemble  Herons 
in  their  defective  bony  orbits;  but  they  want  the  extended 
superior  parietes  of  those  cavities,  and  differ  much  in  the  almost 
spherical  form  of  the  cranium,  which  is  smooth  and  devoid  of  the 
muscular  ridges  characteristic  of  the  fish-feeding  GrallcB.  In 
this  order  the  premaxillary  bones  present  some  of  their  most 
eccentric  forms.  They  are  narrow,  elongated,  and  curved  down- 
ward in  the  Ibises  and  Curlews;  bent  upward  in  the  contrary 
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direction  in  the  Avosets ;  extended  in  m  straight  line  in  the 
Snipes ;  singularly  widened  and  hollowed  out  in  the  Boatbills 
( Cancramay  Bcdcmiceps) ;  widened,  flattened,  and  dilated  at  the 
extremity  in  the  Spoonbill ;  thickened,  rounded,  and  bent  down- 
wards  at  an  obtuse  angle  in  the  Flamingo,  fig.  14. 

Among  the  NatatoreSy  the  Divers  {Colymbus)y  Grebes  (/Wi- 
ceps)y  and  Cormorants  (  Carbo)  show  a  defective  condition  of  the 
bony  orbits,  and  of  the  anterior  parietes  of  the  cranium;  the 
septum  of  the  orbits  is  almost  entirely  wanting ;  in  place  of  the 
posterior  orbital  parietes,  there  are  two  lacunie  leading  directly 
into  the  cranial  cavity,  one  superior,  of  large  size,  and  one  inferior, 
smaller ;  they  are,  in  general,  separated  by  a  narrow  osseous  bar, 
but  in  the  Coultemeb  {Fratercula  arcticd)  this  is  also  wanting, 
so  that  all  the  orbital  and  optic  nerves  escape  by  a  common  open- 
ing. In  the  Petrels  and  Albatrosses,  the  internal  and  posterior 
walls  of  the  orbits  are  more  complete.  In  the  Diomedea  exulans 
the  optic  foramina  are  separated  both  from  each  other  and  from 
the  neighbouring  outlet.  The  occipital  region  is  low,  and  divided 
into  a  superior  and  an  inferior  facet,  the  latter  being  concave 
from  side  to  side.  The  plane  of  the  occipital  foramen  is  almost 
vertical.  The  occipital  or  lambdoidal  crista  is  well-marked,  and 
the  temporal  fossas  nearly  approximate  in  the  middle  line.  In 
these  Sea-birds  and  in  the  Gulls,  the  lateral  lacunas  in  the  bony 
parietes  of  the  face  are  very  considerable. 

A  most  remarkable  characteristic  of  the  cranium  of  both  the 
Brachypterous  and  Macropterous  Sea-birds  is  the  presence  of  the 
two  deep,  elongated,  semilunar  glandular  depressions  extending 
along  the  roof  of  the  orbits.  In  the  aquatic  birds  which  frequent 
the  marshes  and  fresh  waters,  as  the  Anatida  or  LamellirostreSy 
these  glandular  pits  are  wanting,  or  very  feebly  marked,  as  in 
the  Swans.  They  are,  however,  again  met  with  of  large  size, 
though  shallow,  in  the  Curlews  {Numenius)  and  Avosets  {Recur- 
virostra) ;  and  are  also  found,  though  of  smaller  size,  in  the 
Flamingo. 

The  cranial  cavity  has  but  a  limited  range  of  size  in  the  class 
of  Birds,  although  an  extreme  one  in  relation  to  the  bulk  of 
the  body :  that  of  the  smallest  Humming-bird  is  proportionally 
greater  than  in  any  other  animal,  while  that  of  the  great  Dinomis 
is  almost  crocodilian  in  its  contracted  area:  the  size  of  the 
cranium,  small  as  it  is  in  relation  to  the  trunk  and  legs  in  the 
giant  bird,  being  expanded  to  the  requisite  extent  for  muscular 
and  other  attachments  by  a  thick  pneumatic  cellular  diploe  be- 


62  ANATOMY   OF   VERTEBRATES. 

tween  the  outer  and  inner  tables,^  The  owls  have  a  similar  de- 
velopement  of  diploe :  in  most  birds  the  free  cranial  wall  is  thin 
and  compact.  The  cavity  is  closely  moulded  to  the  brain,  and 
shows  well-marked  fossse  for  the  cerebellum,  medulla  oblongata, 
optic  lobes,  hypophysis,  cerebral  hemispheres,  and,  in  Dinomis 
and  Apteryxy  for  the  olfactory  lobes.  Some  birds  show  also  a 
depression  upon  the  petrosal,  which  is  deep  in  the  Heron.  In 
Dinomis  an  upper  transverse  ridge  divides  the  pros-  from  the 
ep-encephalic  compartment,  and  a  lower  one  divides  the  pros- 
from  the  mes-encephalic  compartment,  which  '  tentorial  *  ridges, 
being  on  nearly  the  same  vertical  parallel,  almost  equally  bisect 
the  cranial  cavity  into  a  wider  front  and  narrower  hind  division. 
The  roof  of  the  prosencephalic  compartment  sinks  a  little  into  the 
interspace  of  the  hemispheres,  and  is  here  usually  grooved  by 
the  longitudinal  sinus :  but  in  a  few  birds  it  developes  a  bony 

*  falciform '  ridge,  which,  in  Buceros  ffaleatus,  e.  g.,  bisects  the 
fore  part  of  the  prosencephalic  compartment. 

The  principal  foramina  observed  in  the  cranium  are,  in  the 
epencephalic  fossa,  one  or  more  minute  *  precondyloid,'  the  large 
foramen  for  the  *  vagus '  and  internal  jugular  vein,  the  meatus 
auditorius  intemus ;  in  the  mesencephalic  fossa  the  *  foramen 
ovale '  for  the  third  and  second  division  of  the  *  fifth,'  the  '  carotid,' 
which  opens  into  the  deep  *  sella,'  the  *  foramina,'  which  trans- 
mit nerves  to  the  orbit,  not  always  distinct  from  the  wide  foramen 
opticum ;  this  also  being  blended  with  its  fellow  in  many  birds ; 
in  the  prosencephalic  compartment,  are  the  rhinencephalic  forar 
mina,  which,  in  Apteryx  and  Dinornisy  from  the  backward  exten- 
sion and  interorbital  position  of  the  enormous  olfactory  chambers, 
become  *  rhinencephalic  fossae,'  distributing  thereto  olfactory 
nerves  by  a  *  cribriform '  plate. 

The  tympanic  cavity  is  formed  by  the  paroccipital,  basi-  and 
ali-sphenoids,  petrosal,  mastoid,  and  tympanic.  It  presents  the 
stapedial  canal  leading  to  the  *  fenestra  ovalis;'  and  pneumatic 
apertures  by  which  the  air  from  the  Eustachian  tube  is  conducted 
to  the  pericranial  diploe.  The  *  petrosal '  as  the  osseous  capsule 
of  the  acoustic  organ,  and  the  *  stapes,'  with  the  cartilaginous 

*  incus '  and  *  malleus,'  as  appendages  thereof,  will  be  noticed  in 
connection  with  the  sense-organs. 

The  orbits  are  large  and  lateral,  but  encroach  upon  the  anterior 
wall  of  the  cranium,  the  eyeballs  moulding  it  into  a  pair  of  con- 
cavities looking  forward  and  usually  a  little  downward  and  out- 

»  XVI'.  Yol.  i?.  pi.  24,  fig.  4. 
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ward,  with  exiareme  thinning  and  sometimes  partial  loss  of  bone. 
The  roof  of  the  orbit  is  formed  by  the  frontal,  prefrontal,  and 
lacrynuJ ;  the  hind  wall  by  the  frontal,  ah-  and  orbito-^phenoids ; 
there  is  no  bony  floor ;  but  the  eyeball  rotates  on  a  sort  of  air- 
cushion  resting  upon  the  palatal,  the  pterygoid,  and  the  orbital 
process  of  the  tympanic  The  bony  septmn  is  usually  more  or 
less  incomplete,  and  the  orbital  freely  communicates  with  the 
temporal  vacuity.  Only  in  a  few  species  is  the  periphery  of  the 
orbit  completed  by  bone,  as  in  certain  Maccaws  and  Cockatoi>s 
{Macrocercusy  fig.  30,  Plyctolophus^  Calyptorhynchus) ;  the  la- 
crymal  extending  to  the  postfrontal  as  a  continuous  suborbital 
bar.  In  the  Woodcock  the  large  lacrymal  so  extends  the  front 
wall  of  the  orbit  as  to  cause  it  to  look  a  little  backward  as  well  as 
outward :  and  the  orbits  are  so  large  as  to  push  the  brain-case  to 
the  lower  and  back  part  of  the  cranium.  In  the  Owls  the  post- 
frontals  have  the  form  of  broad  thin  plates,  compressed  from 
before  backward,  and  unusually  produced  downward  to  increase 
the  wall  of  the  large  orbit  and  give  it  a  more  anterior  aspect.  In 
most  diurnal  Raptores  the  upper  wall  of  the  orbit  is  supple- 
mented by  a  dermal  oblong  flat  superorbital  bone,  ligamentously 
connected  with  the  lacrymaL  The  orbits  are  smallest  and  worst 
defined  in  the  nocturnal  small-eyed  Apteryx :  there  are  no  super- 
orbital  ridges,  no  antorbital  or  postorbital  processes,  and  the  inter- 
orbital  septum  is  complete  and  thick,  the  optic  foramina  being 
wide  apart.  In  Dinomts  the  orbits  are  small,  and  also  divided 
by  the  rhinal  chamber :  but  the  superorbital  ridge  is  present  and 
developes  a  strong  postorbital  process.  The  interorbital  septum, 
as  a  rule,  is  very  thin,  even  when  entire,  as  in  Tachypetes, 
Coractasy  Eurystomus:  it  may  have  a  small  vacuity  (Aquila)  or 
a  very  large  one  {Buceros),  or  two  or  three  as  in  meet  birds. 

The  olfactory  cerebral  crura  emerge  from  the  cranium  at  the 
upper  angle  between  the  hind  wall,  roof,  and  septum  of  the  orbit ; 
groove  the  upper  part  of  the  septum  as  they  pass  forward  to 
penetrate  the  prefrontal  and  expand  into  the  rhinencephalon, 
dispersing  the  olfactory  nerves  to  the  turbinal  membranes.  The 
frontal  olfactory  foramen,  in  the  Raptores,  is  smaller  than  the 
prefrontal  one.  Between  the  Vulture  and  the  Crocodile  the  dif- 
ference is  that  the  rhinencephalic  crura  extend  along  a  conunon 
canal  above  the  interorbital  space  in  the  Reptile,  while  in  the 
Bird  the  ossification  of  the  septum  divides  the  rhinencephalic 
fossa  into  two :  but  many  birds  resemble  the  Crocodile  in  this 
respect.  The  bones  which  hold  the  neurapophysial  relation  to 
the  rhinencephala,  anterior  to  the  frontals,  are  the  same,  or  homo- 
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logons^  in  both  Ovipara :  but  in  the  Bird  the  secondary  peripheral 
developments  of  the  prefrontals  are  suppressed  as  in  Batrachians 
and  some  fishes  {Xiphias),^  in  which  they  form  the  anterior  wall 
of  the  orbit,  occupying  the  anterior  part  of  the  interorbital  space, 
joining  each  other  at  the  median  line  by  an  extensive  vertical 
cellular  surface,  and  dividing  the  orbital  from  the  rhinal  cavities. 
In  the  Apteryx  and  Dinornis  the  latter  cavities  are  so  developed 
as  to  extend  backward  between  the  orbits  to  the  cranium,  the 
front  wall  of  which  forms  the  back  wall  of  the  rhinal,  instead  of 
the  orbital,  cavities. 

In  most  birds,  however,  the  orbits  intervene:  the  rhinal 
chambers  are  small,  and  communicate  with  the  upper  and  back 
part  of  the  nasal  passages  on  each  side  of  the  prefrontal  septuoK 
The  passages  are  partly  divided  by  bone  developed  from  the 
vomer.  They  usually  extend  obliquely  backward  from  the  outer 
to  the  inner  or  palatal  nostrils :  but  in  the  Toucans  and  Hombills 
the  nasal  passage  descends  vertically  at  the  base  of  the  huge  bill. 
The  outer  nostril  is  formed  in  front  by  the  premaxillary,  be- 
hind by  the  nasal — each  bone  bifurcating  to  include  the  area, 
into  the  lower  part  of  the  circumference  of  which  the  maxillary 
usually  enters.  In  the  Rhea  and  Emeu^  fig.  31,  the  outer  bony 
nostril  is  incomplete  behind,  the  maxillary  process  or  prong  of 
the  nasal  not  being  developed.  In  the  Ostrich  it  does  not  reach 
the  maxillary.  The  external  nostril  is  near  the  apex  of  the  bill  in 
the  Cassowary.  In  the  Apteryx  the  external  nostrils  are  minute 
and  subterminal ;  but  a  linear  groove  extends  back  and  widens 
into  a  large  triangular  vacuity,  on  each  side  the  base  of  the 
upper  mandible  in  the  skull.  In  the  Petrels  the  nostrils  are 
pierced  at  the  end  of  a  tube  upon  the  upper  mandible.  In  the 
Pelecanid<B  there  is  no  outer  nostril.  The  bony  septum  between 
the  nostrils  is  rarely  entire.  The  nasal  passage  is  continued 
backward  between  the  vomer  and  palatine,  or  between  the  pre- 
sphenoid  and  palatine,  to  open,  usually  by  a  single  median  fora- 
men or  fissure,  or  by  a  pair  of  such,  divided,  as  in  Dromaiusy  by 
the  vomer,  fig.  32,  is,  or,  as  in  Struthio,  by  the  vomer  and  pre- 
sphenoid,  upon  the  palate. 

Amongst  the  cranial  peculiarities  in  Birds  may  be  noticed  the 
bony  style  attached  to  the  occiput  in  the  Cormorant :  the  light 
cellular  bony  core  or  support  of  the  thick  horn  or  horny  crest, 
in  Casuarius  galeatus ;  which  is  expanded  and  flattened  behind 
in  Casuarius  Mooruk :   the  longer  and  narrower  horn-core,  re- 

»  xvr.  p.  52,  pL  1,  fig.  5, 14. 


OSSEOUS   SYSTEM   OF  AVES.  65 

stricted  to  the  space  above  the  orbits^  in  Oreophasis  Derhyanus : 
the  bony  extensions  of  the  upper  part  of  the  premaxillary  in 
certain  Hombills^  especially  Buceros  galeatus :  the  elevated  base 
of  the  short  and  thick  upper  mandible  in  Ourax  Pauxi:  the 
multiplied  superorbitals  in  Tinamus,  Nor,  perhaps,  should  the 
spherical  bony  cyst  above  the  fore  part  of  the  cranium  in  a 
variety  of  common  fowl  be  omitted,  though  this,  like  the  stunted 
mandibles  of  some  varieties  of  pigeon,  may  rather  rank  among 
the  phenomena  of  pathology. 

§  129.  Scapular  Arch  and  Appendage. — The  simplest  condition 
of  this  arch  is  manifested  in  Apteryx  and  Dinomis.  It  consists 
of  scapula  and  coracoid,  uncomplicated  by  connection  with  the 
hacmapophysis  of  any  other  segment :  moreover,  the  pleur-  and 
faasm-apophyses  of  the  occipital  rib  have  coalesced.  A  man  must 
shut  his  eyes,  and  with  a  tight  squeeze,  to  escape  recognising  the 
significance  of  the  propinquity  of  the  scapular  arch  to  the 
hyoidean  one  in  the  embryo  bird.  As  developement  proceeds, 
segment  after  segment  is  added  to  the  cervical  series,  and  the 
occipital  ribs,  with  the  myelonal  centres  supplying  their  appen- 
dages recede  far  back  from  the  typical  position  they  maintain  in 
the  Fish  (voL  i.  figs.  34,  85,  5i,  52),  In  Dinornisy  as  in  Murcena 
and  AnguiSy  the  arch  has  no  appendages.  The  scapula  is  rib- 
like, compressed,  slightly  bent,  measuring  but  4^  inches  long  in  a 
species  (Z>.  robustus)  with  a  tibia  a  yard  long ;  it  is  barely  an  inch 
across  its  broadest  end  where  it  coalesces  with  the  coracoid,  and 
the  breadth  of  the  opposite  free  end  is  but  5  lines.  The  coracoid 
is  straight,  2  inches  10  lines  long,  ^  inch  broad,  becomes  thicker 
to  its  sternal  end,  which  is  convex  and  adapted  to  the  small 
'  coracoid '  fossa  at  the  angle  of  the  sternum.  There  is  no  trace 
of  glenoid  cavity  at  the  confluence  of  the  two  bones,  but  the 
confluent  part  is  here  produced  into  a  ridge,  showing  that  there 
was  no  humerus,  and  that  the  fore-limb,  or  appendage  of  the 
scapular  arch,  was  wholly  absent  in  Dinornis. 

In  Apteryx  the  scapula  is  relatively  more  expanded  where  it 
coalesces  with  the  coracoid,  and  the  bone  is  broader  in  proportion 
to  its  length,  and  shows  a  vascular  perforation  near  the  humeral 
articulation,  as  in  the  Monitor  (vol.  i.  p.  174).  The  glenoid 
cavity  is  very  small,  but  of  the  usual  shape  in  Birds.  In  these 
the  scapular  arch  includes  on  each  side  a  scapula^  fig.  19,  5i,  a 
coracoid  bone,  ib.  f  2,  and  a  clavicle,  ib.  58 — the  clavicles,  coalescing 
in  most  birds  at  their  mesial  extremities,  constitute  a  single 
bone,  which,  from  its  peculiar  form,  is  termed  the  os  furcatorium 
ovfurculum.     In  the  Ostrich  the  two  clavicles  are  <i'»*5not  from 
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each  other,  but  are  severally  anchylosed  with  the  coracoid  tnd 
scapula,  so  as  to  form  with  them  one  bone  on  either  side.  In  the 
Frigate-bird  the  clavicles  coalesce  with  the  coracoids^  as  well  u 
with  each  other  and  with  the  sternum.  In  almost  every  other 
species  of  bird  the  scapula,  coracoid,  and  clavicle  are  moveaUj 
articulated  to  each  other  throughout  life.  In  Rfiea  and  CtuuariMS 
the  acromial  element  or  clavicle  is  anchylosed  with,  or  rather  i» 
a  continuous  ossification  from,  the  scapula ;  but  the  coracoid  bone 
is  free,  a  condition  which  the  bones  of  the  shoulder  present  in 
the  Chelonian  Reptiles  (vol.  L  p.  172,  fig.  106). 

In  the  Emeu  (JDromaius)  it  is  interesting  to  observe  that  eich 
clavicle  commences  by  a  distinct  ossification,  and  long  continoes 
separate  from  the  scapula ;  it  does  not  reach  the  sternum^  but  h<^ 
the  same  relative  situation  as  the  continuous  acromial  or  claYicnlnr 
process  of  the  scapula  in  the  other  Struthious  birds.  The  cb- 
vicles  are  distinct  from  each  other  and  from  the  coracoid  in  flome 
Ground  Parrots  and  carpophagous  Doves  (  Co/umfta  galeata^  e.  g.)^ 

The  scapula  J  fig.  19,  5i,  is  broader  and  flatter  in  the  Pengoiu 
(^Aptenodytes)  than  in  other  birds.  In  the  rest  of  the  class  it  is  a 
long  and  narrow  sabre-shaped  bone,  increasing  in  thickness  as  it 
approaches  tlie  joint  of  the  shoulder ;  there  it  is  extended  in  tlie 
transverse  direction,  forming  externally  the  posterior  half  of  the 
glenoid  cavity,  and  being  internally  more  or  less  produced^  acwh 
mially,  to  meet  the  clavicle,  while  it  is  strongly  attached  in  the 
remainder  of  its  anterior  surface  to  the  coracoid.  The  blade  of 
the  scapula  may  expand  towards  the  free  end  {GaUinm)i  and 
this  may  be  obliquely  truncate  {GallincB\  or  taper  to  a  pcHst 
(most  Aves)y  which  point  maybe  decurved  (Columba) ;  it  is  raidy 
obtuse  (  Tetraoy  Apteryxy  Dinornis).  The  position  of  the  scapnb 
is  longitudinal,  being  extended  backward  from  the  shoulder, 
parallel  to  the  vertebral  column,  towards  which,  however,  it 
presents  a  slight  convexity.  In  some  birds  it  extends  over  the 
ribs  to,  or  even  above,  the  fore  part  of  the  ilium ;  while  in  the 
Emeu  and  Apteryx  it  crosses  over  two  ribs  only.  In  the  Ham- 
ming-bird {Trochilus)y  fig.  19,  ty  its  posterior  third  is  bent  down- 
ward at  a  slight  angle.  In  birds  where  the  scapula  is  pneimiatic, 
the  perforations  are  at  the  base  of  the  acromial  process. 

The  coracoidy  fig.  18,  «,  figs.  16,  19,  20,  62,  is  the  strongest  of 
the  bones  composing  the  scapular  arch :  its  expanded  extremity  is 
securely  lodged  below  in  the  transverse  groove  at  the  anterior 
part  of  the  sternum,  from  which  it  extends  upward,  outward^  and 
forward,  but  sometimes  almost  vertically,  to  the  shoulder-joint, 
where  it  is  articulated  usually  at  an  acute  angle  with  the  scapula 
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and  commonly  also  with  the  clavicle.  It  thus  forms  the  main  sup- 
port to  the  wing,  and  point  of  resistance  to  the  humeri  during  the 
downward  stroke  of  the  aerial  oar.  The  humeral  end  of  the  bone 
is  commonly  bifurcate;  the  outer  process  is  the  strongest,  and 
forms  the  fore  part  of  the  glenoid  cavity  (/,  fig.  19),  above  which 
it  rises,  to  a  greater  or  less  extent,  and  usually  affords,  on  its 
inner  side,  an  articular  surface  for  the  clavicle :  the  inner  process 
is  short  and  compressed,  articulates  with  the  scapula,  and  is  also 
joined  by  ligament  to  the  end  of  the  clavicle.  The  coracoid  is 
perforated  at  the  base  of  the  inner  process.  The  coracoid  is  of 
great  breadth  in  the  Albatross,  fig.  13,  A,  b;  and  is  both  long 
and  strong  in  the  Penguin,  fig.  19,  52.  It  is  pneumatic  in  Aves 
aerecB  and  in  Rasores;  in  some  Grallce  {Psophia\  and  in  most 
longipennate  Palmipeds.  The  sternal  ends  of  the  coracoids  join 
each  other  in  Tachypetesy  decussate  in  Herons,  send  up  a  process 
above  the  mesial  end  in  Aptenodytes  and  above  the  lateral  or 
outer  end  in  Tachypetes :  the  outer  angle  of  the  sternal  end  is 
produced  in  Raptores.  The  glenoid  cavity  resulting  from  the 
union  of  the  coracoid  and  scapula  is  not  equal  to  the  reception 
of  the  entire  head  of  the  humerus.  In  Raptores^  Scansores,  and 
Cantoresy  an  ossicle  (O^  humero-scapulare)  lies  between  the 
scapula  and  hiunerus  at  the  upper  and  back  part  of  the  glenoid 
cavity.  In  Rasoresy  Grallatoresy  and  Natatores^  there  is,  in 
place  of  this  bone,  a  strong  elastic  ligament  or  fibro-cartilage 
extended  between  the  scapula  and  coracoid,  against  which  that 
part  of  the  head  of  the  humerus  rests,  which  is  not  in  contact 
with  the  glenoid  cavity. 

The  clavicles^  figs.  15,  16,  18,  19,  58,  are  the  most  variable 
elements  of  the  scapular  apparatus.  In  the  Ground  Parrots  of 
Australia  (Pezaphorusy  lUiger)  they  are  rudimentary  or  wholly 
deficient ;  they  are  slender  styles  in  Columba  galeata ;  they  are  re- 
presented by  short  processes  in  the  Emeu,  Khea,  and  Cassowary ; 
they  do  not  come  in  contact  inferiorly  in  the  Ostrich,  although 
they  reach  the  sternum.  In  the  Toucans  they  are  separate,  and 
do  not  reach  the  sternum.  In  the  Hornbills  and  Screech  Owl 
(Strix  Ululd)  they  are  united  at  their  inferior  extremities  by  car- 
tilage. In  the  rest  of  the  class  they  are  anchylosed  together 
inferiorly,  and  so  constitute  one  bone,  the  furculum  or  *  merry- 
thought,* From  the  point  of  confluence  a  compressed  process  ex- 
tends downward  in  the  Diurnal  Raptores^  the  Conirostral  Cantores^ 
the  Rasores,  most  of  the  Grallatores,  and  Natatores,  in  which  a 
ligament  extends  from  its  extremity  to  the  ent0H9temum«  The 
process  itself  reaches  the  sternum^  and  is  anchylosed  therewith 
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in  the  Pelicans,  Cormorants,  Grebes,  Petrels,  Frigate-bird,  and 
Tropic-bird ;  also  in  the  Gigantic  Crane,  and  Storks  in  general 
In  the  Humming-birds,  where  the  sternum  is  so  disproportionately 
developed,  the  furculum  terminates  almost  opposite  the  commence- 
ment of  the  keel,  but  at  some  distance  before  it ;  it  is  of  equal 
length  with  the  coracoid.  As  the  principal  use  of  this  elastic 
bony  arch  is  to  oppose  the  forces  which  tend  to  press  the  humeri 
toward  the  mesial  plane  during  the  downward  stroke  of  the  wing, 
and  restore  them  to  their  former  position,  the  piers  of  the  arch 
are  stronger,  and  the  angle  of  their  union  is  more  open,  as  the 
powers  of  flight  are  enjoyed  in  greater  perfection :  of  this  adjust- 
ment the  Swifts,  Goat-suckers,  and  Diurnal  Birds  of  Prey  afford 
the  best  examples.  In  the  Eagle  the  clavicles  are  arched  both 
forward  and  outward,  much  expanded  above,  with  an  articular 
surface  for  the  fore  part  of  the  outer  prong  of  the  coracoid.  The 
arch  becomes  narrower,  and  the  bone  itself  weaker,  as  flight 
is  feebler  or  less  sustained ;  in  the  GaUincB  the  U-  is  changed 
to  the  V-shape ;  and  at  the  point  of  confluence  of  the  straight 
and  slender  piers  a  process  is  continued,  usually  compressed, 
sometimes  styliform  ( Crax)y  becoming  almost  obsolete  in  Hemi- 
podius ;  in  the  Lapwing  the  process  is  at  right  angles  to  the  arch. 
In  Tachypetes  the  upper  ends  of  the  clavicles  coalesce  with  the 
coracoids ;  and  the  lower  confluent  ends  expand  into  a  triangular 
plate  coalesced  with  the  sternal  keeL  In  the  crested  Pintado  the 
apex  of  the  furculum  is  dilated  and  hollowed  into  a  cup  opening 
forward  and  receiving  a  fold  of  the  windpipe.* 

In  Birds  the  humerus  has  a  smooth  shaft,  sub-elliptic  in  trans- 
verse section,  with  expanded  ends,  the  proximal^  one  being  the 
broadest.  Lengthwise  the  bone  is  gently  sigmoid,  the  proximal 
half  being  convex  palmad,  the  distal  half  concave,  with  the  plane 
of  the  terminal  expansions  vertical,  as  the  bone  extends  along  the 
side  of  the  trunk  from  its  scapulo-coracoid  articulation  backward, 
in  its  position  of  rest* 

The  head  of  the  humerus  is  an  elongate,  semi-oval  convexity 
with  the  long  axis  transverse  from  the  radial  to  the  ulnar  sides 
(vertical,  as  naturally  articulated),  and  with  .the  ends  continued 

*  xLiv.  no.  1411,  p.  271. 

'  I  here  ayail  myself  of  the  terms  indicative  of  aspect  and  position  proposed  bj 
Dr.  Barclay,  in  his  *  Anatomical  Nomenclature.* 

Proximal  signifies  the  upper,  distcd  the  lower,  end  of  the  bone,  as  it  hangs  in  Man; 
anconal  is  the  posterior,  palmar  the  anterior,  surface,  as  when  the  palm  of  the  hand  is 
directed  forward ;  radial  is  the  outer,  ulnar  is  the  inner,  side,  according  to  the  same 
position  of  the  human  arm  and  hand.  Proximad,  palmad^  are  adrerbial  inflections, 
meaning  towards  the  proximal  (upper)  end,  and  towards  the  palmar  (anterior)  side. 
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into  the  upper  and  lower  crests.  Of  these,  the  upper  one,  in  the 
natural  position  of  the  bone,  is  on  the  same  side  as  the  radius,  the 
lower  more  tuberous  one  is  on  the  same  side  as  the  ulna ;  the 
one  marks  the  '  radial '  side^  the  other  the  ^  ulnar '  side,  of  the 
bone.  The  side  of  the  humerus  next  the  trunk  answers  to  that 
called  *  anconal,'  the  opposite  side  to  that  called  *  palmar.'  The 
expanded,  proximal  part  of  the  shaft  on  the  palmar  side^  fig.  6, 
is  concave  across,  convex  lengthwise :  on  the  anconal  side  it  is 
convex  across  to  where  the  ulnar  ridge  bends  anconad  near  the 
pneumatic  orifice.  The  radial  crest  answers  to  the  ^greater 
tuberosity/  and  to  the  *  pectoral '  and  *  deltoidal  ridges'  in  mam- 
mals ;  the  *  ulnar  '  crest  to  the  *  lesser  tuberosity '  and  to  the  ridge 
for  the  *  latissimus  dorsi,'  in  mammals.  In  a  few  exceptions  the 
shaft  of  the  humerus  is  almost  cylindrical ;  in  still  fewer  (Apteno^ 
dytes)  it  is  flat ;  in  the  Albatross  it  becomes  triedral  toward  the 
distal  end. 

In  the  Vulture  (  F.  monachus)  the  ulnar  crest  forms  a  thick 
tuberosity  at  its  proximal  end,  projecting  anconad,  and  over- 
arching the  *  pneumatic '  foramen ;  it  descends  a  short  way  ob- 
liquely pahnad,  decreasing  in  breadth,  but  still  thick,  convex,  and 
terminating  obtusely.  The  radial  crest  better  merits  the  name ; 
it  extends  twice  the  length  of  the  ulnar  one,  down  the  shaft,  to 
the  palmar  side,  towards  which  the  whole  crest  is  slightly  bent ; 
its  margin  describes  a  very  open  or  low,  obtuse,  angle  at  its 
middle  part.  A  ridge  upon  the  palmar  side  of  its  distal  half 
indicates  the  boundary  of  the  insertion  of  the  pectoralis  major 
into  the  crest  At  the  middle  of  the  anconal  surface  of  the 
proximal  part  of  the  shaft  there  is  a  low,  longitudinal  ridge.  The 
tuberosity  at  the  proximal  part  of  the  ridge  gives  insertion  to  the 
middle  pectoral. 

At  the  distal  part  of  the  humerus  a  ridge  on  the  radial  side  of 
the  palmar  surface,  and  a  rising  of  the  bone  on  the  ulnar  side  of 
the  same  surface,  diverge  to  the  opposite  angles  or  tuberosities 
of  the  expanded  end  of  the  bone ;  they  include  a  shallow,  sub- 
triangular  concavity  above  the  articular  surfaces.  These  are 
two,  and  are  convex.  The  radial  surface  is  a  narrow,  sub- 
elongate  convexity,  extending  from  near  the  middle  of  the  pahnar 
surface  obliquely  to  the  lower  part  of  the  radial  tuberosity,  where 
the  convexity  subsides ;  it  is  very  prominent  at  its  palmar  end, 
with  a  groove  on  each  side,  the  deeper  one  dividing  it  from  the 
ulnar  articular  convexity.  This  is  of  a  transversely  oval  or 
elliptical  shape,  most  prominent  palmad  ;  all  the  part  of  the  end  of 
the  humerus  forming  the  two  articular  convexities  is  as  if  bent 


72  ANATOMY  OF  VERTEBRATES. 

humeral  tubercle  for  the  radius,  the  fore-arm  moves  in  a  plane 
not  quite  perpendicular  to  the  palmar  surface  of  the  humerus. 
When  the  fore-arm  is  flexed  and  the  wing  is  folded,  the  distal 
end  of  the  antibrachium  is  near  or  in  advance  of  the  proximal  end 
of  the  humerus ;  the  radius  being  superior  and  the  ulna  a  little 
external  as  well  as  inferior. 

The  radius  is  always  the  more  slender  bone  of  the  two,  some- 
times in  a  remarkable  degree:  its  proximal  end  is  expanded, 
subelliptic,  with  a  concavity  for  the  oblique  tubercle,  and  a 
thickened  convex  border  next  the  ulna  for  articulation  with  tiiat 
bone :  a  little  beyond  that  articular  expansion  is  the  tubercle  for 
the  insertion  of  the  biceps.  The  shaft  here  becomes  slender, 
usually  subcompressed,  with  a  slight  bend,  convex  upward  from 
the  ulna ;  the  rest  of  the  shaft,  which  becomes  subtriedral,  showing 
an  opposite  flexure  toward  the  ulna,  though  very  slightly  marked. 
The  distal  end  is  rather  more,  though  less  equally,  expanded, 
from  the  radial  to  the  ulnar  side :  rather  flattened  with  one  or  two 
tendinal  grooves  on  the  anconal  side,  with  a  terminal  transverse 
convexity  for  the  scaphoid,  produced  palmad  to  articulate  with  the 
ulna ;  with  a  tuberosity  (Aquila)  or  ridge  ( Tachypetes)  on  the 
radial  side  of  the  expansion.  The  orifice  of  the  medullary  artery 
in  the  non-pneumatic  radius  is  on  the  ulnar  side  of  the  shaft  about 
one-fourth  from  the  proximal  end. 

The  ulna  is  straight  or  with  a  single  and  slight  curve,  more 
marked  in  the  shorter  antibrachium  of  Gallince  than  in  the  long 
one  of  long-winged  waders  and  swimmers.  The  proximal  end  is 
most  expanded,  and  is  obliquely  truncate  for  the  articular  exca- 
vation adapted  to  the  ulnar  tubercle  of  the  humerus :  the  obtuse 
angular  production  of  the  ulna,  behind  or  anconad  of  the  cavity, 
represents  in  diflPerent  degrees  in  different  birds  the  olecranon, 
but  is  always  short :  an  extension  of  the  bone  radiad  is  obliquely 
excavated  for  the  head  of  the  radius.  The  shaft  of  the  ulna 
gradually  decreases  to  near  the  distal  end,  where  the  subtriedral 
is  exchanged  for  the  subcylindric  shape.  A  ridge  is  developed 
below  the  head  on  the  ulnar  side  in  Raptores.  In  birds  (  Tachy- 
petesy  e.g.)  in  which  the  ulna  is  pneumatic,  the  foramen  is  on  the 
palmar  surface  a  little  below  the  head.  On  the  ulnar  and  anconal 
sides  of  the  shaft  are  the  two  rows  of  quill-knobs  (in  Raptores) 
for  the  *  secondaries ; '  the  anconal  row  is  most  marked  in  longi- 
pennate  Natatores ;  and  is  the  only  row  in  many  birds.  But 
this  character  of  the  bird's  ulna  is  wanting  in  the  flightless  and 
some  other  birds.  The  distal  end  of  the  ulna  slighdy  expands 
into  a  trochlear   joint  very  convex    from    the    radial  to  the 
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ulnar  side^  rather  concave  from  the  anconal  to  the  palmar  side, 
and  this  chiefly  at  ^the  ulnar  part  of  the  trochlea.  On  the 
radial  side  of  tlds  trochlea,  supported  by  a  tuberosity,  is  the  small 
surface  for  the  radius.  The  interosseous  space,  owing  to  the 
greater  bend  of  the  ulna,  is  widest  in  GallintB ;  it  is  narrower  and 
chiefly  seen  at  the  proximal  half  of  the  antibrachium  in  most 
other  birds.  The  ulnar  trochlea  articulates  with  the  two  free 
carpal  bones,  one — ^the  *  scapho-lunar ' — being  wedged  into  the 
radial  part,  the  other — *  cuneiforme ' — into  the  ulnar  part,  leaving 
a  small  intermediate  tract  for  the  '  magnum '  which  is  confluent 
with  the  base  of  the  mid-metacarpaL 

In  the  young  Ostrich  the  metacarpus  consists  of  three  bones. 
The  one  on  the  radial  side  answers  to  that  of  the  index-finger ;  it 
is  very  short,  and  supports  a  digit  of  two  phalanges,  the  second 
phalanx  being  armed  with  a  long  curved  and  pointed  claw.  The 
second  metacarpal  is  the  longest  and  largest,  its  base  being  in- 
creased by  the  confluence  therewith  of  the  *  magnum,'  which 
presents  a  trochlear  surface  to  the  two  proximal  carpals  and  to 
the  part  of  the  ulnar  joint  not  occupied  by  them.  The  third 
metacarpal,  answering  to  that  of  the  digitus  annularis,  is  bent,  its 
extremity  resting  against  that  of  the  large  and  straight  middle 
metacarpal,  with  which  it  subsequently  becomes  anchylosed. 
The  middle  digit  consists  of  three  phalanges ;  the  outer  one  of 
two  phalanges.  In  all  birds  the  three  metacarpals,  here  seen  to  be 
distinct,  coalesce  with  one  another  and  form  a  single  bone,  having 
an  interesting  analogy  to  the  metatarsus,  which  likewise  consists 
in  all  birds  of  a  coalescence  of  the  three  bones  supporting  the 
corresponding  toes,  namely,  those  answering  to  the  second,  third, 
and  fourth  in  the  pentadactyle  foot. 

The  bones  of  the  hand  are  developed  in  length,  but  contracted 
in  breadth.  The  wedge-like  adjustment  of  the  free  carpals  is 
such  as  to  restrict  the  movements  of  the  hand  upon  the  arm  to 
abduction  and  adduction,  or  flexion  in  the  ulno-radial  plane, 
requisite  for  the  outspreading  and  folding  up  of  the  wing.  The 
hand  of  the  bird  moves  thus  in  a  state  of  pronation,  without  the 
ix)wer  of  rotation  or  of  proper  flexion  or  extension,  i.e.  in  the 
ancono-palmar  direction ;  so  that  the  wing  strikes  firmly  and  with 
the  full  force  of  the  depressor  muscles  upon  the  air. 

The  following  state  of  anchylosis  commonly  exists  in  the  meta- 
carpus : — The  short  ^  index '  metacarpal  coalesces  with  the  base  of 
the  *medius':  the  slender  *  annularis'  metacarpal  anchyloses  by 
lis  two  ends  with  those  of  the  medius  which  it  equals  in  1<^^ 
The  ^  index '  supports  one  phalanx,  usually  terminating  i 
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about  the  middle  of  the  ^  medius '  metacarpal.  This  supports  bro 
phalanges,  fig.  19,  s,  s:  the  proximal  one  singularly  expanded  by 
a  lamelliform  growth  from  its  whole  ulnar  side,  excavated  out- 
wardly for  the  attachment  of  primaries:  the  next  phalanx  is 
smaller  and  ends  in  a  point  The  ^  annularis  '  metacarpal  supports 
a  short  and  slender  pointed  phalanx,  which  in  the  Frigate-bird  is 
closely  joined,  lengthwise,  to  the  contiguous  expanded  phalanx 
of  the  mid-digit. 

The  hand-segment  is  the  longest  of  those  of  the  pectoral  limb 
in  Swifts  and  Humming-birds:  exceeding  by  three  times  the 
length  of  the  humerus  :  and  the  bones  have  a  proportionate  thick- 
ness. The  mid-metacarpal  shows  a  series  of  large  impressions 
for  the  distal  ^  primaries '  in  Raptores,  and  also  a  longitudinil 
tendinal  groove  on  the  anconal  side.  The  metacarpal^  fig.  19,  r, 
and  phalangeal,  ib.  s,  t,  bones,  in  the  Penguin  are  flattened^  like 
the  antibrachial  bones. 

The  index  digit  in  Struthio  and  the  medius  digit  in  Apteiyi, 
support  each  their  claw.  The  claw  or  spur,  when  present 
in  other  birds,  e.  g.  Syrian  Blackbird  {Merula  dactyhptera), 
Spur-winged  Goose  (Anser  Gambensis),  Knob-winged  Dove  (Dt- 
dunculus),  Jacana  {Parra  Jacana\  Mound-bird  (^Afeffopodiutji 
Screamer  (Palamedea),  is  developed  from  the  radiid  side  of 
the  metacarpus  or  from  the  index  digit  The  Screamer  has  two 
spurs,  the  homotypes  of  the  metatarsal  ones  in  Pavo  btcalcaratuL 
The  claw  upon  the  index  digit  of  Archeopteryx  was  curved  and 
sharp ;  and  the  remains  of  the  unique  example  of  this  ancient 
fossil  bird  make  it  probable  that  the  hand  had  a  second  free 
unguiculate  digit,  perhaps  the  homologue  of  the  poUex.* 

Although  the  instances  of  these  weapons  and  tlie  occasional  use 
of  the  wings  in  Birds  not  so  armed,  e.  g.  the  Swan,  show  them  in 
the  light  of  means  of  attack,  the  bones  of  the  pectoral  limb  in 
Birds  are  modified  mainly  for  volant  action;  the  articulations 
restrict  the  movements  of  the  several  segments  to  the  service  of 
wings,  and  the  processes  for  muscular  attachments  relate  to  such 
development  and  disposition  of  the  moWng  forces  as  flight  requires. 

The  larger  feathers  which  overlie,  in  a  series,  the  humerus,  are 
termed,  in  ornithology,  ^  scapularies : '  those  still  larger  which 
overlie  or  are  attached  to  the  ulna  are  the  ^  secondaries '  or  '  wing- 
coverts  ; '  those  which  are  attached  to  the  manus  are  th6  *  pri- 
maries,' they  are  the  longest :  a  group  of  feathers  attached  to  the 
stunted  index  digit  are  the  ^  spurious '  or  '  bastard '  feathers. 

'  XV.  p.  39,  pL  «,  fig.  1. 
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The  primary  quill-feathers  being  the  chief  direct  mechanical 
instrument  in  the  displacement  of  the  air,  the  segment  of  the 
limb  supporting  them  is  the  longest  and  strongest  in  the  most 
powerful  flyers,  e.  g.  Swifts  and  Hummers,  in  which  the  pri- 
maries are  proportionally  longer  and  stronger  than  in  other  birds : 
but  the  various  habits,  habitats,  and  food  of  the  feathered  tribes 
are  associated  with  different  kinds  of  aerial  motion  and  call  for 
corresponding  modifications  of  the  instrument :  thus  the  Frigate 
and  Tropic  birds.  Albatrosses,  Terns,  and  other  ablest  flyers 
among  tfie  Natatoresy  contrast  strangely  with  the  above-cited 
VoUtores  in  the  proportionate  length  of  the  brachial  and  anti- 
brachial  segments  of  the  pectoral  limb:  whilst  the  powerful 
Kaptorial  flyers  show  an  intermediate  more  harmoniously  ba- 
lanced proportion  of  the  several  segments.  All  these  are  rela- 
tively short  and  feeble  in  the  heavier  land  birds  which  take  but 
brief  and  occasional  flights ;  and,  as  circumstances  have  rendered 
this  exertion  less  and  less  necessary,  so  the  wings  and  their  frame- 
work have  wasted  away  to  the  diminutive  rudiments  in  the 
Apteryxy  and  to  zero  in  Dinomis. 

§  130.  Bones  of  the  pelvic  limb. — The  segments  of  this  limb 
do  not  wholly  correspond  with  those  of  the  pectoral  one,  the 
tarsus  being  absent  or  blended  with  the  tibia  or  the  metatarsus, 
which  immediately  succeeds  it. 

The  femur y  fig.  34,  66,  has  a  cylindrical  shaft,  which,  when  not 
straight,  is  slightly  bent  forward :  it  nearly  equals  the  pelvis  in 
length  in  the  Apteryx  and  some  Ground-cuckoos  {Geococcyx)y 
but  is  usually  shorter ;  it  is  very  short  in  Dinomis  elephantopus ; 
shortest  of  all  and  most  bent  in  Colymbus :  it  is  always  shorter  than 
the  tibia,  but  in  a  minor  degree  in  most  Rasoresy  Scansores,  Voli- 
tores y  Cantoresy  some  Natatores  (  Tachypetes)y  and  the  Apteryx.  The 
head  is  hemispherical,  proportionally  small,  and  largely  scooped 
out  above  for  the  round  ligament  which  fills  up  the  vacuity  in  the 
acetabular  wall :  it  is  sessile,  with  its  axis  nearly  at  right  angles 
to  that  of  the  shaft :  the  articular  surface  is  continued  upon  the 
upper  end  of  the  bone  which  expands  as  it  recedes  from  the  head, 
and  usually  rises  above  its  level  to  form  a  trochanterian  ridge 
extending  from  behind  forward  and  there  produced  and  continued 
a  short  way  down  the  shaft.  The  outer  (fibular)  side  coextensive 
with  this  ridge  is  rather  flattened  and  impressed  by  insertion- 
marks  of  muscles.  Rarely  is  there,  as  in  AptorniSy  a  trochanter 
minor,  situated  a  little  below  the  head  on  the  inner  (tibial) 
side  of  the  bone,  or  represented  by  a  round  rough  surface,  more 
anterior,  as  in  Dinomis.     Assuming  its  cylindrical  or  subcylin- 
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drical  form  below  the  great  trochanterian  ridge,  the  shaft  at  ite 
lower  half  expands  transversely,  and,  in  forming  the  distal  con- 
dyles, also  from  before  backwards,  with  a  bend  in  that  direction. 
The  inner  condyle  begins  anteriorly  as  a  ridge,  expanding  into 
a  convexity  which  attains  its  greatest  breadth  posteriorly,  where 
it  becomes  more  flattened.  The  outer  condyle,  commencing  in 
the  same  manner,  is  indented  at  its  broad  lower  end  by  an  angular 
groove,  which,  widening,  divides  the  back  part  of  the  condyle  into 
two  convexities.  The  inner  of  these  is  the  broadest  and  most  pro- 
duced, is  applied  to  the  outer  facet  of  the  tibia,  and  represents 
the  ordinary  outer  condyle :  the  more  external  convex  ridge  and 
the  groove  dividing  it  from  the  outer  condyle  are  adapted  to  the 
head  of  the  fibula.  This  is  the  most  characteristic  part  of  the 
bird's  femur.  The  space  between  the  anterior  beginnings  of  the 
condyles  is  the  *  rotular '  channel :  it  is  usually  broad  and  mode- 
rately concave  transversely,  convex  lengthwise ;  sometimes  divided 
from,  commonly  continued  into,  the  intercondyloid  fossa  v^hich  is 
marked  with  pits  for  ligamentous  attachment  The  inner  side  of 
the  inner  condyle  is  flattened,  with  a  tuberosity  at  its  mid-part, 
and  sometimes  a  second  just  above  the  hind  part  of  the  condyle. 
There  is  usually  a  tuberosity  above  the  hind  end  of  tlie  fibular 
ridge,  exterior  to  which  the  surface  is  sometimes  flattened,  some- 
times prominent,  in  Dinornis  impressed  by  a  deep  fossa.*  At  the 
lower  part  of  the  outer  condyle  before  the  *  fibular '  groove  begins, 
there  is  usually  a  small  pit  The  popliteal  depression  is  divided 
by  a  ridge  from  the  intercondyloid  one.  The  shaft  shows  inter- 
muscular linear  ridges :  in  Aquila  one  extends  from  the  fore  and 
outer  angle  of  the  epitrochanterian  articular  surface  to  near  the 
beginning  of  the  inner  condyle ;  a  second  extends  from  the  inner 
and  back  part  of  the  upper  tiiird  of  the  shaft  to  the  tubercle  above 
the  back  part  of  the  inner  condyle  :  the  third  shorter  *  linea  aspera ' 
is  at  the  back  part  of  the  middle  third  of  the  shaft  near  its  outer 
side.  In  Dinornis  a  ridge  continued  from  the  anterior  trochan- 
terian one  bifurcates  at  the  middle  of  the  fore  part  of  the  shaft 
diverging  to  the  beginnings  of  the  two  condyles.  In  Apteryx  the 
two  posterior  lineaB  asper®  approximate  at  the  middle  of  the  shaft 
and  then  diverge  to  the  condyles :  in  Dinornis  they  expand  into 
tuberosities,  or  the  inner  one  alone  is  continued  as  a  ridge,  but 
interrupted  above  the  condyle  :  the  inner  ridge  is  strongly  marked 
and  continued  to  the  condyle  in  Aptornis.  The  orifice  of  the 
medullary  artery  is  at  the  back  part  of  the  shaft  above  its  middle. 

*  In  Dinornis  maximua  tho  femar  is  16  inches  in  length,  and  6|  inches  across  the 
distal  end. 
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When  the  femur  is  pneumatic  the  proximal  orifice  is  commonly 
anterior,  near  the  trochanterian  ridge :  but  in  the  Ostrich  it  is 
behind :  the  distal  orifices  when  present  are  in  the  popliteal  fossa. 
Of  the  two  condyles  the  outer  one  is  most  prominent  posteriorly, 
and,  when  the  femur  is  held  vertically,  descends  the  lowest.  In 
the  flexion  of  the  leg  on  the  thigh  this  puts  the  ligaments  on  the 
stretch ;  and,  as  they  are  partly  elastic,  the  fibula  enters  its  fossa 
at  the  conclusion  of  the  bend  with  somewhat  of  a  jerk. 

The  tibia,  fig.  34, 66,  is  the  chief  or  longest  bone  of  the  hind  limb, 
showing  its  extreme  character  in  this  respect  in  most  Stilt-birds, 
especially  the  Argala  and  Flamingo,  fig.  14,  and  its  smallest  propor- 
tions in  Volitoresy  fig.  18,  and  the  Frigate-bird,  in  which  the  tibia  is 
not  half  the  length  of  the  skull.  The  shaft  is  straight  and  mainly 
subtriedral,  expanded  at  both  ends  and  most  so  at  the  upper  one. 
This  presents  a  semi-oval  surface  not  quite  transverse  to  the 
shaft,  but  with  the  truncate  margin  raised  toward  the  fore  part  of 
the  bone,  and  more  or  less  developed  above  the  level  of  the  un- 
dulating articular  part.  Of  this  the  least  marked  is  the  almost 
flat  reniform  *  entocondylar '  surface  for  the  inner  condyle,  feebly 
hollowed  near  its  back  part  which  projects  in  that  direction  over 
the  shaft ;  it  is  divided  from  the  smaller  and  less  defined  *  ecto- 
condylar '  surface  for  the  outer  femoral  condyle  by  an  *  inter- 
condylar '  convexity.  In  advance  of  these  the  head  of  the  tibia 
extends  into  a  *  rotular '  process,  usually  extended  transversely 
and  truncate.  From  the  fore  or  outer  part  of  this  process  there 
descend  two  vertical  ridges  or  plates  :  the  one  from  near  the  inner 
or  tibial  angle  of  the  rotular  process  is  the  *  procnemial  ridge,' 
the  other  from  the  outer  or  fibular  angle  is  the  *  ectocnemial 
ridge ; '  they  subside  more  or  less  gradually  upon  the  shaft,  and 
intercept  a  deep  triangular  concavity.  On  the  outer  side  of  the 
intercondylar  tuberosity  is  a  single  surface  for  ligamentous  union 
with  the  head  of  the  fibula,  and  a  little  way  below  this  there  is  a 
vertical  ridge  for  close  attachment  to  part  of  the  shaft  of  that  bone : 
below  and  behind  the  *  fibular '  ridge  is  the  orifice  of  the  medul- 
lary artery.  From  this  point  the  tibia  maintains  a  uniform  size 
usually  to  its  lower  third,  where  along  a  rough  tract,  in  a  lino 
with  tJie  above  ridge,  the  styliform  end  of  the  fibula  terminates 
by  close  union  or  anchylosis.  There  the  tibia  begins  to  gain 
in  transverse  breadth,  exchanging  the  triedral  for  a  transversely 
oval  section,  and  it  gradually  expands  in  both  directions  to  the 
distal  condyles,  which  are  most  developed  from  behind  forward, 
in  advance  of  the  shaft  The  inner  condyle  is  the  largest,  usually 
in   fore-and-aft,   sometimes  {Aquila)  in  transverse,  extent.     ^ 
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groove  commencing  near  the  lower  end  of  the  fore  part  of  the 
shaft  leads^  deepening,  toward  the  intercondyloid  space:  it  is 
bridged  over  by  a  strong  ligament,  which  becomes  ossified  in 
most  birds:  Parrots,  Hornbills,  and  existing  Cursores  are  ex- 
ceptions. The  position — median  or  aubmedian  and  direction — 
straight  or  oblique — of  the  precondylar  groove,  the  presence  and 
direction — transverse  or  oblique — of  its  bony  bridge,  the  re- 
lative breadths,  anteroposterior  and  transverse,  of  the  distal  end, 
the  relative  size  of  the  intercondyloid  space  to  the  anterior  parts 
of  condyles, — help  in  the  determination  of  bird-affinities,  when 
they  have  to  be  deduced  from  a  fossil  tibia.*  The  distal  condyles 
commencing  behind  as  ridges  bounding  an  articular  surface  con- 

34 


Pelvis  and  bones  of  the  leg,  Loon  (Oo/ymfrtu). 


cave  across,  increase  in  breadth  and  convexity  as  they  curve  to 
their  anterior  ends :  these  are  more  prominent  than  their  posterior 
ridged  beginnings,  but  in  different  degrees  in  different  birds; 
and  the  inner  condyle  is  usually  the  most  prominent  anteriorly : 


'  Sec  xix*.  p.  204,  pi.  3,  for  the  illustration  and  application  of  the  characters  of 
the  tibia  in  the  determination  of  the  affinities  of  birds  indicated  by  that  bone  foasiL 
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thus  the  distal  end  of  the  tibia  is  like  that  of  the  femur  with 
the  back  of  the  condyles  turned  forward^  and  without  the  notch 
in  either. 

Among  the  modifications  of  the  proximal  end  of  the  tibia  may 
be  noted  the  production  of  the  rotular  process  in  the  axis  of  the 
shaft  two  inches  above  the  knee-joint  in  the  Divers  (  Colymbus)^ 
fig.  34,  k ;  both  pro-  and  ecto-cnemial  ridges  descend  from  tlie 
fore  part  of  the  base  of  this  process,  the  former  extending  half- 
way down  the  shaft  of  the  tibia.  In  the  Albatross  the  pro-  and 
ecto-cnemial  ridges  are  much  developed ;  but  are  still  more  so  in 
the  extinct  Cnemiornis,  without  corresponding  production  of  the 
rotular  or  *  epicnemial '  process.  In  the  Ostrich  this  process 
extends  forward,  without  rising  above  the  level  of  the  proximal 
surface,  and  contracting  to  its  termination  there  divides  into  small 
pro-  and  ecto-cnemial  processes;  the  latter  the  shortest  and 
tuberous.  The  distal  condyles  are  less  produced  anteriorly,  com- 
mence more  abruptly  and  are  more  produced  posteriorly,  than  in 
other  birds :  their  articular  surfaces  are  so  continuous  as  to  leave 
no  *  intercondylar '  space ;  there  is  no  tendinal  groove  or  bridge  : 
but  a  tuberosity  above  the  middle  of  the  confluent  condyles. 
The  articular  surface  of  these  being  concave  in  one  direction, 
convex  in  the  other,  forms  a  *  trochlea,'  and  the  same  in  tiie  con- 
joined parts  of  the  distal  condyles  in  other  birds.  It  limits  the 
movements  of  the  next  segment  of  the  limb  to  one  plane. 

The^dula,  fig.  34,  67,  is  a  styliform  bone  ending  in  a  point  below 
at  various  distances  down  the  tibia  in  different  birds.  The  articular 
head  is  subcompressed,  convex  in  the  longer  axis,  slightly  curved 
backward,  hollowed  on  the  inner  (tibial)  side:  rather  convex 
externally :  the  shaft  shows  the  rough  linear  tract  for  attachment 
to  the  tibia:  and  there  are  sometimes  tuberosities  for  tendinal 
insertions  on  the  opposite  side. 

The  femur  is  ossified  from  one  centre:  the  tibia  has  an  epiphysis 
for  the  distal  condyles ;  the  proximal  end  of  the  metatarsus  is 
ossified  from  one  centre,  forming  an  epiphysis  which  caps  the  ends 
of  the  three  metatarsals  that  coalesce,  first  with  each  other,  then 
with  the  epiphysis,  to  form  the  single  compound  bone. 

The  trochlear  epiphysis  of  the  tibia  most  resembles  the  astra- 
galus in  those  mammals  (Ruminants,  e.g.)  in  which  the  meta- 
tarsals coalesce.  The  term  <  tarso-metatarse '  applied  by  some 
omithotomists  to  the  present  segment,  fig.  34,  M,  implies  the  tarsal 
homology  of  the  epiphysis ;  the  same  might,  more  probably,  be 
predicable  of  the  distal  one  of  the  tibia ;  but  neither  being  demon- 
strated, I  prefer  to  call  the  present  s^ment  the  'metatarse.'    It 
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consists  of  the  foot4x>nes  of  three  digits  coalesced,  mnd  often  of  i 
fourth  ligamentooslv  joined  thereto.  This  mlwajs  Email  ind 
short  seeming  appends^e  is  the  distal  end  of  the  metatarsal  of  the 
^  hallux '  or  innermost  digit  of  the  pentadactyle  foot.  The  thiee 
coalesced  bones  are  the  metatarsals  of  the  second  (ii),  third  (iii),  vA 
fourth  (It  )  toes,  fig.  34.  In  their  original  position  the  proximal  eoi 
of  the  third  metatarsal  is  behind  those  of  the  second  and  fonnli 
which  meet  in  front  of  it.  A  fossa  below  the  meeting  shows, 
afterwards,  two  fore-and-aft  canals  which  diTei^ge  to  outlets  it 
the  back  part  indicatiTC  of  the  breadth  there  of  the  middle  meti- 
tarsaL  When,  as  in  Aguila,  there  are  two  foramina  in  fiont  of, 
as  well  as  two  behind,  the  upper  part  of  the  metatarse,  the  inter- 
space of  the  former  shows  the  extent  to  which  the  mid-^netatarsil 
intervened  between  the  others  anteriorly,  and  this  structure  u 
concomitant  with  a  great  excess  of  the  transverse  over  the  fore* 
and-aft  diameter  of  the  proximal  end  of  the  metatarse.  In  mobt 
birds  a  fore-and-aft  canal  also  remains  to  indicate  the  primitiTe 
distinction  of  the  outer  (iv)  from  the  middle  (iii)  metatarsal  nev 
their  distal  ends. 

The  metatarse,  fig.  34,  6S,  presents  a  proximal  end  with  two 
articular  cavities  (*  ento-'  and  *  ecto-condylar ')  and  the  intercon- 
dylar space,  a  shaft  with  its  processes,  grooves,  and  perfbratioiB* 
and  a  distal  end  divided  (save  in  Struthio)  into  three  trochlear  «»• 
dyles  for  the  three  principal  (ii,  iii,  iv)  toes :  in  most  birds,  also, 
there  is  a  rough  depression  on  the  distal  half  of  the  inner  meta- 
tarsal, for  that  end  of  the  innermost  or  first  (i)  metatarsaL  The 
proximal  end  varies  in  the  proportions  of  its  transverse  and  antero- 
posterior diameters,  in  the  depth  of  its  articular  surfaces,  and 
configuration  of  the  intercondylar  surface.  As  a  rule  the  ento- 
condylar  surface  is  largest  and  deepest ;  the  ectocond jlar  surfiu^e 
is  nearly  flat  in  the  Eagle.  A  tuberosity  rises  from  the  fore  part 
of  the  intercondylar  space  in  birds  which  sleep  standing  on  one 
leg  ( Grall(B  and  some  others) :  it  passes  into  the  corresponding 
space  of  the  tibia,  the  bar  anterior  to  which  affords  so  mu^ 
reeistancc  to  flexion  of  the  leg  as  counteracts  the  effect  of  oscilla- 
tiona  of  the  body :  it  requires  a  muscular  effort  to  bring  the 
tuberosity  over  that  bar,  and  the  elastic  lateral  ligaments  arc 
then  put  on  the  stretch ;  but  as  soon  as  the  bar  is  passed  the 
tuberosity  slips  into  the  depression  above  with  a  snap  or  jerL 
One  or  more  longitudinal  ridges  at  the  back  of  the  upper  end 
of  the  metatarsal  are  called  *  calcaneal ; '  they  intercept  or  bound 
tendinal  grooves  which,  in  some  instances,  are  bridged  over  by 
bone  and  converted  into  canals :  the  ridges  may  be  expanded  and 
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flattened.*  In  the  Birds  of  Prey  the  metatarsal  is  most  modified 
by  the  muscles  and  tendons  operating  upon  the  raptorial  toes. 
There  are  three  calcaneal  processes,  the  innermost  large,  the 
two  outer  ones  small  and  approximate.  The  fore  part  shows 
a  tuberosity  for  the  insertion  of  the  strong  '  tibialis  anticus ' 
(fig.  35,  48):  below  this  is  the  process  on  the  inner  margin 
extending  the  surface  of  attachment  for  the  metatarsal  of  the 
back  toe  (i).  The  trochlear  ends  of  the  three  confluent  meta- 
tarsals are  nearly  on  the  same  level,  the  inner  one  is  the 
broadest,  the  outer  one  the  narrowest :  each  is  produced,  at  an 
opposite  angle,  so  as  to  bound  the  wide  concavity  behind  this 
end  of  the  metatarsal.  In  the  King- Vulture  (Sarcoramphus), 
the  mid-trochlea  is  broadest  and  most  produced:  in  the  Snake- 
Vulture  {Gypogeranus)  with  a  metatarsal  of  stilt-like  length,  the 
inner  trochlea  is  shorter  than  the  others  and  further  apart  In 
most  Owls  the  metatarsal  is  shorter  in  proportion  to  its  breadth 
than  in  diurnal  Raptor es ;  a  bony  bridge  overspans  the  beginning 
of  the  tendinal  canal  on  the  fore  part :  the  outer  trochlea  is  the 
shortest  and  is  bent  backward  and  inward.  In  most  Cantores 
and  Volitores  the  distal  end  of  the  metatarsal  is  little  expanded, 
and  the  three  trochleas  are  of  nearly  equal  length :  in  Podargus 
and  Dacelo  the  outer  trochlea  is  the  shortest.  In  Cypselus  the 
trochlese  terminate  on  the  same  transverse  line :  in  Trochilus  the 
middle  one  is  a  little  more  prominent.  In  the  short  and  strong 
metatarsal  of  the  Parrot-tribe,  the  middle  trochlea  extends  wholly 
below  the  others,  which  are  oblique  and  twisted,  especially  the 
outer  one,  backward  and  inward :  a  like  twist  is  noticeable  in 
most  Scansoresy  especially  the  Woodpeckers  and  Cuckoos.  In 
the  spurred  GallincB  the  weapon  is  supported  on  a  conical  process 
from  the  back  part  of  the  metatarsal ;  sometimes  there  are  two, 
as  in  Pavo  bicalcaratua.  In  all  Rasores  the  mid-trochlea  is 
longest ;  in  Pigeons  and  Curassows  the  outer  {iv)  is  shorter  or 
higher  than  the  inner  (u)  trochlea:  in  the  Tinamou  and  Syrrhaptes 
it  is  longer.  In  the  Apteryx  and  tridactyle  Cursores  the  mid- 
trochlea  is  largest,  and  extends  by  almost  its  whole  length  beyond 
the  other  two  which  are  nearly  on  a  level.  In  Struthio  the  inner 
metatarsal  (it)  terminates  in  a  point  near  the  base  of  the  great 
trochlea  (m) :  the  outer  trochlea  (iv)  is  comparatively  small  and 
short.  In  Grallatores  the  mid-trochlea  is  longest,  the  other  two 
of  equal  or  nearly  equal  length  in  most :  the  inner  (it)  trochlea  is 
the  shorter  in  the  Demoiselle  Crane  {Scops  Virgo) ;  the  outer  one 
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{iv)  in  the  Woodcock  (Scolopax).  In  the  Spoonbill  (Platalcea) 
and  Flamingo  (Phoenicopterus)  the  mid-trochlea  is  but  little  pro- 
duced beyond  the  others.  The  surface  for  the  attachment  of  the 
innermost  metatarsal  {i)  is  raised  well  above  the  trochlear  end  of 
the  next  (ii)  in  most  of  those  Waders  that  have  the  back-toe. 
Amongst  Natatores  the  Albatross  has  the  three  trochleae  nearly 
on  the  same  level :  in  others  the  mid  one  is  usually  most  pro- 
duced: in  the  Gannet  and  Pelican  the  outer  trochlea  is  the 
shortest  and  furthest  from  the  middle  one.  In  the  Guillemot 
( Uria)  the  inner  trochlea  (n)  ends  at  the  base  of  the  mid  one, 
whilst  the  outer  trochlea  is  of  nearly  equal  length  with  the  mid 
one  :  in  the  Grebe  (Podiceps)  the  inner  trochlea  is  -the  longest  of 
the  three :  in  the  Loon  ( Columbus)  it  is  the  shortest :  the  meta- 
tarsal in  this  bird  is  much  compressed,  and  the  outer  and  inner 
trochlea  are  bent  backward.  The  Penguins  show  the  most  in- 
structive modification  of  the  metatarsal:  it  is  very  short  and 
broad ;  but  the  primitive  divisions  are  to  a  great  degree  retained, 
especially  on  the  fore  part  of  the  compound  bone.  The  stunted 
or  abortive  metatarsal  supporting  the  backwardly  directed  toe 
consists  of  a  trochlear  articulation  supported  on  a  compressed 
stem,  twisted,  and  obtusely  pointed  above,  with  one  margin 
thickened  and  rough  for  syndesmosis  with  the  next  anchylosed 
metatarsal.  This  bone  is  best  developed  in  the  Raptorial  birds 
and  the  Dodo,*  in  which  its  length  may  exceed  a  fourth  part 
of  the  length  of  the  metatarsal  segment :  in  Pigeons  it  is  about 
the  fifth  or  sixth  part  that  length  :  by  the  twist  the  bone  forms  a 
pulley  upon  which  the  flexor  tendon  of  the  back  toe  plays.  In 
the  Dodo  the  distal  expansion  is  increased  by  an  obtuse  process 
from  the  outer  side  of  the  trochlea ;  and  this  character  is  repeated 
in  the  Columbidce.^  In  GallincR  the  trochlea  is  less  expanded 
and  the  twist  is  feebly  shown :  it  disappears  in  the  still  smaller 
loose  metatarsal  of  Apteryxy  Palapteryx^  and  in  many  Natatores, 
in  some  of  which  it  is  represented  by  the  ligamentous  matter 
tying  the  short  back  toe  to  the  metatarse. 

Both  this  (e)  and  its  metatarsal  are  undeveloped  in  the  larger 
existing  CursoreSy  the  Bustards  (  Otis)y  the  Plovers  (  Charadtcus)y 
the  Thick-knees  (^(Edicnemus)y  the  Oystercatchers  {H(Bmatopus)y 
the  Coursers  (  Tachydromus)y  and  the  Albatrosses  {Diomedcea  and 
Haladroma). 

The  toes  of  birds  never  exceed  four  in  number,  and  of  these, 
three  are  usually  elongated  and  directed  forward,  diverging,  while 

*  xxvr.  *  xxvir.  pi.  U.  '  xvi-.  vol.  iii.  p.  307. 
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one  is  short  and  directed  backward.  The  hind  toe  articulates 
on  the  same  plane  as  the  others  in  grasping  and  perching  birds, 
but  on  a  higher  level  in  terrestrial  and  aquatic  kinds.  By  the 
analogy  of  the  number  of  the  phalanges  of  these  toes  with  those 
in  Lizards  (vol.  i.  p.  192,  fig.  122)  the  back  toe,  fig.  34,  i,  is  the 
innermost,  answering  to  *  hallux ; '  the  inner  of  the  front  toes,  ib. 
tV,  is  the  second  ;  the  middle  one,  ib.  m,  is  the  third :  the  outer 
one,  ib.  iv,  is  the  fourth:  it  will  be  seen  that  the  number  of 
phalanges  progressively  increases  from  two  to  five.  The  fifth 
toe  of  the  four  phalanges  in  the  Monitor  is  not  developed  in  any 
bird.  The  constancy  of  the  number  of  phalanges  in  each  toe  is 
such  that  the  toes  retained  in  a  tridactyle  bird,  e.  g.,  Emeu,  are 
seen  to  be  the  second,  third,  and  fourth;  those  in  a  didactyle 
bird,  e.  g..  Ostrich,  to  be  the  third  and  fourth :  and,  although  the 
latter  is  much  the  smaller  and  shorter  toe,  it  retains  its  superior 
number  of  joints.  Among  the  very  few  exceptions  to  this  rule 
may  be  cited  the  outer  toe  of  the  Caprimulgus  and  of  the  Swift, 
which  has  but  four  phalanges ;  in  the  Swift,  also,  the  innermost 
toe  is  directed  forward  like  the  rest.  The  last  phalanx  in  each 
toe  is  pointed,  and  usually  curved,  corresponding  in  some  measure 
with  the  shape  of  the  claw  it  supports :  the  articular  ends  of  the 
phalanges  are  slightly  expanded  and  coadapted  with  trochlear 
joints  limiting  motion  to  one  plane. 

The  chief  of  the  sesamoid  bones  in  the  hind  limb  is  the  patella ; 
it  18  of  unusual  size  in  the  Penguin,  is  ossified  from  two  centres, 
and  articulates  with  the  procnemial  process  of  the  tibia:  it 
coexists  with  the  long  rotular  process  in  the  Loon,  fig.  34,  /;  it 
is  large  and  of  an  angular  form  in  the  Musk-duck  {Biziura) :  in 
the  Merganser  the  patella  is  largest  and  deeply  notched ;  in  the 
Coot  it  is  elongate.  In  most  aerial  birds  a  patella  is  wanting. 
A  calcaneal  sesamoid  is  wedged  into  the  outer  and  back  part  of 
the  ankle-joint  in  the  Apteryx,  and  plays  upon  the  back  part  of 
the  tibial  trochlea  in  the  Turkey,  Guan,  Curassow,  and  some 
other  Rasores. 

Ossification  normally  extends  into  the  tendons  of  some  of  the 
muscles  in  most  birds :  e.  g.,  of  the  deep  seated  spinal  ones  of  the 
back  (  Uria  Troth  and  many  others) ;  of  the  muscles  of  the  foot 
and  toes  {Gallince).  The  bony  plates  at  the  corneal  margin  of 
the  sclerotic  tunic  of  the  eye,  and  the  columelliform  stapes  of  the 
ear,  are  appendages  to  sense-organs.  Mr.  William  Home  Clift 
discovered  small  ossifications  at  the  attachments  of  the  semilunar 
valves  of  the  aorta  and  pulmonary  artery  in  some  Birds.* 

>  vw.  p.  331. 
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CHAPTER  XV. 

MUSCULAR   SYSTEM  OP  AVE8. 

§  131.  General  Characters. — The  muscular  system  of  Birds  is 
remarkable  for  the  distinctness  and  density  of  the  fasciculi  or 
visible  fibres,  the  deep  red  colour  of  those  chiefly  employed  in 
vigorous  action,  and  their  marked  separation  from  the  tendons, 
which  are  of  a  pearly  shining  colour,  and  have  a  peculiar 
tendency  to  ossification.  This  high  degree  of  developement  re- 
sults from  the  rapid  circulation  of  very  warm  and  rich  blood, 
highly  oxygenated  through  the  extent  of  the  respiratory  system. 
The  energy  of  the  muscular  contraction  in  this  class  is  in  the 
ratio  of  the  activity  of  the  vital  functions,  but  the  irritability  of 
the  fibre  rapidly  goes  after  death.  The  elementary  fibres  are 
much  smaller  and  less  sharply  angular  than  in  Reptiles ;  the 
blood-vessels  being  more  abundant  and  occupying  more  space  in 
their  intervals. 

These  characteristic  properties  are  manifested  in  the  greatest 
degree  in  the  muscles  of  the  VolitoreSy  and  of  those  Cantores  that 
take  their  food  on  the  wing,  as  the  HirundinidtB ;  in  those  of  the 
Diurnal  Raptores  and  the  long-winged  Palmipedes^  as  the  Alba- 
tross, Tropic  Bird,  &c.  In  the  more  heavy  and  slow-moving 
Herbivorous  families,  the  muscles  resemble  those  of  the  Reptilia 
in  their  softness  and  pale  colour.  In  birds  of  flight  the  me- 
chanical disposition  of  the  muscular  system  is  admirably  adapted 
to  the  aerial  locomotion  of  this  class ;  the  principal  masses  being 
collected  below  the  centre  of  gravity,  beneath  the  sternum,  beneath 
the  pelvis,  and  upon  the  thighs,  they  act  like  the  ballast  of  a 
vessel  and  assist  in  maintaining  the  steadiness  of  the  body  during 
flight,  while  at  the  same  time  the  extremities  require  only  long 
and  thin  tendons  for  the  communication  of  the  muscular  influence 
to  them,  and  are  thereby  rendered  light  and  slender. 

§  132.  Muscles  of  the  vertebrcB, — The  muscles  of  the  cervical  re- 
gion are  the  most  developed,  as  might  be  expected  from  the  size 
and  mobility  of  this  part  of  the  spine ;  the  muscles  which  are  situ- 
ated on  the  dorsal  and  lumbar  regions  are,  on  the  other  hand,  very 
indistinct,  feeble,  and  but  slightly  cameous ;  they  are  not,  how- 
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ever,  entirely  wantiiig.  In  the  Struthious  and  short-winged  «iea 
birds,  in  which  the  dorsal  vertebre  are  unfettered  by  anchylosis, 
these  muscles  are  more  fleshy  and 
distinct,  most  so  in  the  Apt^ryr^ 
and  will  here  be  described  as  seen 
in  that  bird.^ 

The  sacro^mmbalis  is  the  most 
external  or  lateral  of  the  muscles 
of  the  back,  and  extends  irom  the 
anterior  border  of  the  ilium  to  the 
penultimate  cervical  vertebra.  It 
arises  by  short  tendinous  and  car- 
neous  fibres  from  the  outer  half  of 
the  anterior  margin  of  the  ilium, 
and  by  a  succession  of  long,  strong, 
and  flattened  tendons  from  the  an- 
gles of  the  fifth  and  fourth  ribs, 
and  from  the  diapophyses  of  the 
third,  second,  and  first  dorsal  verte- 
brae ;  also  by  a  shorter  tendon  from 
that  of  the  last  cervical  vertebra; 
these  latter  origins  represent  the 
musculi  accessorii  ad  sacro-lumba^ 
lem  ;  to  bring  them  into  view,  the 
external  margin  of  the  sacro-lum" 
balls  must  be  raised.  These  acces- 
sory tendons  run  obliquely  forward, 
expanding  as  they  proceed,  and  are 
lost  in  the  under  surface  of  the 
muscle.  It  is  inserted  by  a  fleshy 
fasciculus  with  very  short  tendinous 
fibres  into  the  angle  of  the  sixth 
rib,  and  by  a  series  of  correspond- 
ing fasciculi,  which  become  progressively  longer  and  more  ten- 
dinous, into  the  angles  of  the  fifth,  fourth,  third  and  second 
ribs,  and  into  the  parapophyses  of  the  first  dorsal  and  last  two 
cervical  vertebrae:  the  last  insertion  is  fleshy  and  strong;  the 
four  anterior  of  these  insertions  are  concealed  by  the  upper  and 
outer  fleshy  portions  of  the  sacro-lumbalis,  which  divides  into  five 
elongated  fleshy  bundles,  inserted  successively  into  the  diapo- 
physes of  the  first  three  dorsal  and  last  two  cervical  vertebrae. 


MuBclefi  of  a  lUwk. 
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These  last  insertions  seem  to  represent  the  continuation  of  the 
sacro-lumbalis  in  Man,  which  is  termed  the  cervicalis  descendens 
or  ascendens. 

The  longissimus   dor  si  is   blended  posteriorly  both    with  the 
sacro-lumbalis  and  the  muUifidus  spintB^  and  anteriorly  with  the 
outer  portion  of  the  spinalis  dorsi.     It  extends  as  far  forward  as 
the  thirteenth  cervical  vertebra.    It  arises  from  the  inner  or  mesial 
half  of  the  anterior  margin  of  the  ilium ;  from  a  strong  aponeu- 
rosis attached  to  the  spines  of  the  eighth,  seventh  and  sixth  dorsiJ 
vertebrae ;  and  from  the  diapophyses  of  the  sixths  fifth,  fourth  and 
third  dorsal  vertebras.     The  cameous  fibres  continued  from  the 
second  origin,  or  series  of  origins  from  the  spinous  processes,  in- 
cline slightly  outward  as  they  pass  forward,  and  are  inserted  into 
the  anapophyscs  of  the  first  three  dorsal  vertebrae,  receiving  ac- 
ce8S;ory  fibres  from  the  spinalis  dorsi.     The  fasciculi    from  the 
diapophyses  incline  inward,  and  are  also  inserted  into  the  anapo- 
physcs of  the  vertebras  anterior  to  them  ;  they  receive  fibres  from 
the  iliac  origin,  and  soon  begin  to  form  a  series  of  oblique  cameous 
fasciculi,  which  become  more  distinct  as  they  are  situated  more 
anteriorly  ;  they  are  at  first  implanted  in  the  vertebra  next  in  front 
of  that  from  which  they  rise,  and  then  into  the  vertebra  next  but 
one  in  front :  the  most  anterior  of  these  tendons  of  insertions,  to 
wliich  can  be  traced  any  of  the  fibres  of  the  main   body  of  the 
longissimus  dorsi  is  that  which  is  implanted  into  the  thirteenth 
cervical  vertebra ;  it  is  this  fasciculus  which  is  joined  by  the  first 
or  most  posterior  of  the  fasciculi  ohliqui  of  the  longus  colli  pastieui. 
Obliquus  colli y  a  series  of  oblique  cameous  fasciculi,  evidently 
a  continuation  of,  or  part  of  the  same  system  with  those  in  which 
the  longissimus  dorsi  terminates  anteriorly,  is  continued  between 
the  diapophysis  of  one  cervical  vertebni  to  the  anapophysis  or 
posterior  zygapophysis  of  the  next  vertebra  but  one  in  advance, 
as  far  forward  as  the  fourth  cervical  vertebra.     This  series  of 
muscles  seems  to  represent  the  transversalis  colli,  which  is  the 
anterior  continuation  of  the  longissimus  dorsi  in  Mammalia,  but 
it  differs  in  being  inserted  into  the  oblique,  instead  of  the  trans^ 
verse  processes.     In  the  direction  of  their  fibres  these  fasciculi 
resemble    the   semispinalis  colli,  but   they  are  inserted  into  the 
oblicjue  processes  instead  of  the  spines  of  the  vertebrae.     There 
are  no  other  muscles  with  which  they  can  be  compared  in  the 
Mammalia  than  these  two,  with  neither  of  which,  however,  do 
they  precisely  correspond;    they  seem  to  represent  the  second 
series  of  oblique  muscular  fasciculi  in  the  trunk  of  Fishes. 

The  fasciculi  ohliqui  which  rise  from  the  first  two  dorsal  and 
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five  lower  cervical  vertebrae  are  joined  near  their  tendinous  termi- 
nations by  corresponding  oblique  fasciculi  of  the  longus  colli 
posticus^  and  the  strong  round  tendons  continued  from  the  points 
of  convergence  of  these  fascicles  are  inserted  successively  into  the 
posterior  oblique  processes  of  the  twelfth  to  the  sixth  cervical 
vertebra  inclusive ;  the  two  fasciculi  next  in  succession  receive 
no  accessory  fibres  from  the  longus  colli  posticus ;  the  anterior 
one  derives  an  extensive  origin  from  the  upper  transverse  pro- 
cesses of  the  eighth,  seventh,  and  sixth  cervical  vertebrae.  It 
must  be  observed,  however,  that  the  whole  of  each  fasciculus  is 
not  expended  in  the  strong  round  tendinous  insertion  above  de- 
scribed ;  the  portion  which  arises  from  the  anterior  ridge  of  the 
diapophysis  passes  more  directly  inwards  than  the  rest,  and  is 
attached  to  the  tendon  which  terminates  the  fasciculus  imme- 
diately behind ;  at  the  middle  of  the  neck  these  accessory  fibres 
approach  to  the  character  of  distinct  origins.  The  tendons  of 
insertion,  moreover,  severally  receive  accessory  fleshy  fibres  from 
the  base  of  the  zygapophysis  of  the  two  vertebrae  next  behind ; 
and  thus  they  become  the  medium  of  muscular  forces  acting  from 
not  less  than  five  distinct  points,  the  power  of  which  is  augmented 
by  each  tendon  being  braced  down  by  the  oblique  converging 
series  of  muscles  immediately  anterior  to  it.  The  fasciculus  from 
the  eighth  cervical  vertebra,  besides  its  insertion  by  the  ordinary 
tendon,  sends  off  externally  a  small  pyramidal  bundle  of  musculsu: 
fibres  which  soon  terminates  in  a  long  and  slender  tendon  which 
is  inserted  into  the  oblique  process  of  the  third  cervical  vertebra. 
Corresponding  portions  of  muscle  are  detached  from  the  two 
anterior  fasciculi,  which  converge  and  terminate  in  a  common 
slender  tendon  inserted  into  the  posterior  oblique  process  of  the 
fourth  cervical  vertebra ;  and  thus  terminates  this  complex  muscle 
or  series  of  muscles.  It  is  partially  represented  by  the  muscle 
3,  in  fig.  35  (Hawk). 

The  longus  colli  posticus  is  most  internal  or  medial  of  the  super- 
ficial muscles  of  the  dorsal  aspect  of  the  thoracic  and  cervical 
regions.  At  its  posterior  part  it  seems  to  be  a  continuation  of  the 
longissimus  dorsi;  its  medial  and  anterior  part  offers  a  strong 
analogy  with  the  hiventer  cervicis ;  it  is  the  homologue  of  the 
first,  or  medio-dorsal  series  of  oblique  fibres  of  the  muscular 
system  in  Fishes.  It  commences  by  long  and  slender,  but  strong, 
subcompressed  tendons  from  the  spines  of  the  sixth,  fifth  and 
fourth  dorsal  vertebrae :  these  tendons  gradually  expand  as  they 
proceed  forward  and  downward,  and  send  off  from  their  under 
surface  muscular  fibres  which  continue  in  the  same  course,  and 
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begin  to  be  grouped  into  distinct  fasciculi  at  the  base  of  the  neck : 
the  first  of  these  bundles  joins  a  fasciculus  of  the  longissimus  dorsi^ 
which  is  inserted  into  the  anapophysis  of  the  thirteenth  cervical 
vertebra;  the  succeeding  fasciculi  derive  their  origins  from  a 
broad  and  strong  aponeurotic  sheet  attached  to  the  spines  of  the 
fourth,  third  and  second  dorsal  vertebrae:  the  second  to  the 
eighth  fasciculi  inclusive  are  compressed,  broad,  and  fleshy,  and 
are  inserted  in  the  strong  round  tendons  described  in  the  pre- 
ceding muscle,  and  attached  to  the  zygaix)physes  of  the  twelt\Ji  to 
the  sixth  cervical  vcrtebne  inclusive :  the  ninth  fasciculus,  which 
forms  the  main  anterior  continuation  of  the  longus  colli  posticus^ 
is  larger  than  the  rest,  and  receives,  as  it  advances,  accessory 
fibres  from  the  spinous  processes  of  the  seventh  to  the  third 
cervical  vertebrae  inclusive,  and  is  inserted,  partly  fleshy,  partly 
by  a  strong  tendon,  into  the  side  of  the  broad  spine  of  the  vertebra 
dentata,  A  slender  fasciculus  is  detached  from  the  mesial  and 
dorsal  margin  of  the  longus  colli  posticus^  near  the  base  of  the 
neck,  which  soon  terminates  in  a  long  round  tendon,  fig.  35,  a  6 : 
this  tendon  is  braced  down  by  short  aponeurotic  fibres  to  the  spine 
of  the  fifth,  fourth,  third  and  second  cervical  vertebras  inclusive, 
immediately  beyond  which  it  again  becomes  fleshy,  and  expands 
to  be  inserted  into  the  occipital  ridge :  this  portion  is  the  digas- 
trique  or  biventer  capitis  of  Cuvicr,  ib.  c,  6. 

In  Raptores  the  carneous  exceeds  the  tendinous  part  of  this 
muscle.  The  displacement  of  the  dorsal  portion  of  the  preceding 
muscle  and  the  longissimus  dor  si  brings  into  view  the  spinalis 
dorsi,  which  is  a  well-developed  and  distinct  muscle  in  the 
Apteryx,  It  arises  by  two  long,  narrow,  flattened  tendons  from 
the  spines  of  the  eighth  and  seventh  dorsal  vertebrae :  these  pass 
obliquely  downward  and  forward,  expanding  as  they  proceed, 
and  terminate  in  two  fasciculi  of  muscular  fibres :  the  posterior 
bundle  passes  forward  beneath  the  anterior  one,  and  inclining 
inward  and  upward,  divides  into  two  portions,  inserted  by  long 
tendons  into  the  spines  of  the  second  and  first  dorsal  vertebn© ; 
it  then  sends  a  few  fibres  forward  to  join  the  outer  and  anterior 
fasciculus,  which  is  partly  inserted  by  a  slender  tendon  into  the 
spine  of  the  last  cervical  vertebra :  the  rest  of  the  fibres  of  the 
second  fasciculus  join  the  portion  of  the  longissimus  dorsi  which 
is  implanted  into  the  posterior  oblique  process  of  the  last  cervical 
vertebra.  The  three  inserted  tendons  of  the  spinalis  dorsi  are 
also  the  medium  of  attachment  of  fibres  continued  from  the  mul- 
tijidus  sjnncsy  beneath  them. 
.   The  series  of  muscles  called  muWJidus  spines  arises  by  fleshy 
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fibres  from  the  diapophyses  of  the  five  last  dorsal  vertebrae,  which 
pass  upward,  forward,  and  inward,  to  be  inserted  by  four  flat 
tendons  into  the  spines  of  the  seventh  to  the  third  dorsal  vertebras 
inclusive,  and  by  the  tendons  of  the  spinalis  dorsi  into  the  two 
anterior  dorsal  spines. 

ObliquO'Spinales.  The  removal  of  the  multifidus  spince  brings 
into  view  a  series  of  long,  narrow,  flat  tendons,  coming  off"  from 
the  spines  of  all  the  dorsal  vertebrae,  and  slightly  expanding  as 
they  proceed  forwards  and  obliquely  downwards  and  outwards ; 
they  become  fleshy  half-way  from  ^eir  origin,  and  are  inserted 
into  the  posterior  oblique  and  transverse  processes  of  the  six 
anterior  dorsal  vertebrae,  and  into  the  posterior  oblique  processes 
of  the  three  last  cervical  vertebrae. 

The  interspinales  muscles  do  not  exist  in  the  region  of  the  back, 
unless  we  regard  the  preceding  oblique  fibres  as  a  modified  repre- 
sentation of  them.  The  most  posterior  fasciculus  of  muscular 
fibres,  which  is  directly  extended  between  the  spinous  processes, 
commences  at  the  interspace  of  the  spines  of  the  two  last  cervical 
vertebrae,  and  the  series  is  continued  as  far  as  the  vertebra  dentata, 

Interarticulares,  The  muscles  which  form  the  more  direct 
continuation  of  the  ohliqua^pinales  are  continued  from  the  pos- 
terior zygapophysis  of  one  vertebra  to  that  of  the  next  in  front. 

Obliquo-transversales.  A  third  series  of  deep-seated  interver- 
tebral muscles  is  situated  external  to  the  preceding,  and  passes 
obliquely  between  the  diapophysis  and  the  posterior  zygapophysis 
of  the  vertebra  in  front.  These  fasciculi  appear  to  be  a  con- 
tinuation of  the  multifidus  spincB  in  the  neck. 

The  intertransversales  are  two  series  of  short  cameous  fasciculi 
passing  the  one  between  the  diapophyses,  and  the  other  between 
the  parapophyses. 

Levatores  costarum.  The  first  or  most  anterior  of  this  series  of 
muscles  seems  to  represent  the  scalenus  medius\  it  arises  from 
both  the  di-  and  pleur-apophysis  of  the  last  cervical  vertebra,  and 
expands  to  be  inserted  into  the  first  rib,  and  into  the  upper  and 
outer  part  of  the  second  rib.  The  remaining  levatores  successively 
diminish  in  size  as  they  are  placed  backwards;  they  come  off 
from  the  diapophyses  of  the  first  six  dorsal  vertebrae ;  those  from 
the  first  and  second  expand  to  be  inserted  into  the  rib  attached  to 
the  same  transverse  process  and  to  the  one  next  behind ;  the  rest 
have  a  single  insertion  :  the  angle  and  the  part  of  the  rib  imme- 
diately beneath  are  the  situations  of  their  attachments. 

Complexusy  fig.  35,  7.  This  strong  triangular  fleshy  muscle 
arises  from  the  met-  and  di-apophyses  of  the  fourth,  third   and 
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second  cervical  vertebne^  and  gradually  expands  as  it  advances 
forward  to  be  inserted  into  the  occipital  ridge,  from  the  outer  side 
of  the  insertion  of  the  biventer  cervicis  to  the  mastoid  pTOcess. 

Recti  capitis  postici.  These  small  muscles  are  concealed  by 
the  preceding;  they  rise  successively  from  the  spines  of  the 
third,  second  and  first  cervical  vertebrae,  and  expand  as  they 
advance  to  be  inserted  into  the  occiput. 

Trachela-mastoideus.  This  strong,  subdepressed  cameoitt 
muscle  arises  from  the  diapophyses  of  the  fifth,  fourth,  thiid 
and  second  cervical  vertebrae,  and  is  inserted  into  the  parocci- 
pital. 

Longus  colli.  This  large  and  long  muscle,  which  appears 
simple  when  first  exposed,  is  found  to  consist,  when  unravelled 
by  further  dissection,  of  a  series  of  closely  succeeding  long,  narrow 
fasciculi,  arising  from  the  hypapophyses  of  the  sixth  dorsal  to  the 
first  dorsal,  and  from  the  ten  posterior  cervical  vertebras;  and 
sending  narrow  tendons  which  increase  in  length  as  they  are 
given  off  more  anteriorly,  obliquely  forward  and  outward,  to  be 
inserted  into  the  pleurapophyses  of  all  the  cervical  vertebrae  save 
the  first  two :  tlic  highest  or  foremost  tendon  is  attached  to  the 
tubercle  at  the  under  part  of  the  ring  of  the  atlas  ;  but  this 
tendon  is  also  the  medium  of  insertion  of  five  small  fasciculi  of 
muscular  fibres  arising  from  the  diapophyses  of  the  sixth,  fifth, 
fourth,  third  and  second  cervical  vertebrae. 

The  rectus  capitis  anticus  major  is  continued,  or  arises  by  as 
many  distinct  tendons,  from  the  five  superior  tendons  of  insertion 
of  the  preceding  muscle ;  these  origins  soon  become  fleshy,  cson- 
verge,  and  coalesce  previous  to  their  insertion  into  the  base  of  the 
skull. 

The  rectus  capitis  anticus  minor  is  a  strong  fleshy  compressed 
triangular  muscle  arising  from  the  anterior  part  of  the  body  of 
the  first  four  cervical  vertebrae,  and  inserted  into  the  basi* 
occipital. 

The  rectus  capitis  lateralis  arises  from  the  diapophyses  of  the 
sixth  to  the  second  cervical  vertebrae  inclusive;  it  is  inserted  into 
the  lateral  ridge  or  tubercle  of  the  basioccipital. 

The  obliquus  extermis  abdominis  arises,  fleshy,  from  the  second 
and  third  ribs,  and  by  a  strong  aponeurosis  from  the  succeeding 
ribs  near  the  attachment  of  the  costal  processes,  and  from  those 
processes.  The  fleshy  fibres  are  continued  from  this  aponeurotic 
origin  to  nearly  opjwsite  the  ends  of  the  vertebral  ribs ;  they  run 
almost  transversely,  very  slightly  inclined  towards  the  pubis,  to 
within  half  an  inch  of  the  linea  alba,  and  there  terminate,  by  an 
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almost  straight,  parallel  line,  in  their  aponeurosis  of  insertion. 
The  fibres  of  this  aponeurosis  decussate  those  of  the  opposite  side, 
and  adhere  to  the  tendinous  intersections  of  the  rectus  beneath. 
The  aponeurosis  from  the  last  rib  passes  to  be  inserted  into  a 
Btrong  ligament  extending  between  the  free  extremities  of  the 
pubic  bones,  leaving  the  abdomen,  behind  the  last  rib,  defended 
only  by  the  internal  oblique  and  transversalis. 

The  obliquus  intemus  abdominis  arises  from  the  whole  of  the 
anterior  and  outer  surface  of  the  pubis;  aponeurotic  from  the 
upper  part,  fleshy  for  half  an  inch  from  the  lower  or  ventral 
extremity :  the  carneous  fibres  run  longitudinally,  and  cannot  be 
distinctly  defined  from  the  intercostales  on  their  outer  border,  or 
from  the  rectus  abdominis  on  their  inner  or  mesial  border,  which 
forms  the  medium  of  the  insertion  of  the  internal  oblique. 

The  rectus  abdominis  is  the  medial  continuation  of  the  pre- 
ceding muscle,  which  arises  by  a  strong,  flat,  triangular  tendon 
from  the  lower  or  ventral  extremity  of  the  pubis  and  from  the 
inter-pubic  ligament :  it  soon  becomes  fleshy ;  the  carneous  por- 
tion is  interrupted  by  three  broad,  oblique,  but  distinct  aponeu- 
rotic intersections,  and  is  finally  inserted  into  the  sternum. 

Transversalis  abdominis.  A  layer  of  loose,  dark-coloured  cel- 
lular tissue  divides  the  internal  oblique  from  the  transverse  abdo- 
minal, except  at  its  origin  from  the  pubis,  and  for  half  an  inch 
anterior  to  that  part.  The  transversalis  then  proceeds  to  derive 
carneous  fibres  from  the  inner  surface  of  the  ribs  near  their  lower 
third;  they  pass  obliquely  upward  and  forward,  and  terminate 
by  a  regular,  slightly  concave  line  midway  between  their  origins 
and  the  extremities  of  the  ribs ;  a  strong  aponeurosis  passes  thence 
to  the  Hnea  alba,  but  becomes  thin  at  the  pubic  region,  where  a 
mass  of  fat  is  interposed  between  it  and  the  peritoneum. 

The  diaphragm  presents  more  of  its  mammalian  character  in 
the  Apteryx '  than  in  any  other  known  bird.  It  is  perforated  by 
vessels  only,  in  consequence  of  the  non-developement  of  the  abdo- 
minal air-cells.  The  origin  corresponding  to  that  of  the  lesser 
muscle  in  Mammals  is  by  two  strong  and  distinct,  short  tendinous 
pillars  from  the  sides  of  the  body  of  the  last  costal  vertebra ;  they 
are  united  by  a  strong  tendon  or  fascia,  forming  the  anterior 
boundary  of  the  aortic  passage.  The  tendinous  pillars  may  be 
traced  forward  for  some  way  in  the  central  aponeurosis,  expanding 
without  crossing ;  they  are  then  lost  in  that  aponeurosis,  which  is 
perforated  by  the  gastric  arteries  and  veins,  divides  anteriorly  to 
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give  passage  to  the  gullet  and  the  apex  of  the  heart,  expands 
over  the  anterior  part  of  the  thoracic  air-cells,  and  becomes,  at  its 
lateral  circumference,  the  point  of  attachment  of  muscular  fibres 
arising  from  the  inner  surface  of  the  anterior  ribs,  and  forming 
apparently  a  continuation  of  the  transversalis  abdominis. 

The  appendico-costales  ^  arise  from  the  posterior  edge  and  ex* 
tremity  of  the  costal  processes,  and  run  down  to  be  inserted 
severally  into  the  rib  posterior  to  that  to  which  the  proce« 
affording  them  origin  is  attached.  These  processes  are  supported 
by  strong  triangular  aponeuroses  continued  from  their  anterior 
and  upper  margins,  severally,  to  the  rib  anterior  to  them. 

The  levator  caudcb  arises  from  the  posterior  and  superior  ex- 
tremity of  the  ischium  ;  it  is  inserted  into  the  spines  of  the  caudil 
vertebrae.  In  birds  with  a  posteriorly  expanded  sacrum,  thit 
bone  affords  the  chief  origin  to  this  muscle,  fig.  35,  io« 

The  adductor  caudce  superior  is  smaller  than  the  precedii^t 
with  which  it  runs  parallel;  it  rises  below  from  the  posterior 
extremity  or  tuber  of  the  ischium,  and  is  inserted  into  the  pleun- 
pophyses  of  the  caudal  vertebrae. 

The  adductor  caudce  inferior  arises  from  the  tuber  ischii  and 
the  ligament  connecting  this  with  the  posterior  extremity  of  the 
pubis.    It  is  inserted  into  the  diapophyses  of  the  caudal  vertebrs. 

The  depressor  cauda:  arises,  ib.  15,  from  the  under  part  of  the 
middle  line  of  pelvis ;  it  is  inserted  into  the  inferior  spines  of  the 
caudal  vertebrae. 

In  birds  of  flight  the  '  rectrices,'  or  rudder-quills  attached  to 
the  coalesced  and  mo<lified  terminal  vertebra  call  for  moviog 
powers  not  developed  in  the  Apteryx. 

The  quadra tus  coccj/gis,  fig.  35,  u,  arises  from  the  diapo- 
physes of  the  coccygeal  vertebrae,  and  is  inserted  into  the  shafts 
of  the  tail-quills,  which  it  separates  and  raises.  On  the  lateral 
aspect  the  puho^occygeusy  ib.  12,  arises  from  the  posterior  margin 
of  the  pubis,  and  inserted  also  into  the  shafts  of  the  exterior  rw- 
trices ;  it  is  by  means  of  these  muscles  in  conjunction  with  the 
quadratus  and  levator  cauda;,  that  the  Peacock  raises  the  gorgeous 
])lumes  overlying  the  true  tail-feathers. 

The  ilio-cocrggeusy  ib.  13,  extends  from  the  posterior  margin  of 
the  ilium  to  the  last  coccygeal  vertebra,  and  to  the  small  inferior 
tail-feathers. 

On  the  ventral  or  inferior  aspect  of  the  tail,  the  muscles  are  in 
general  more  feebly  devcloi)ed  than  on  the  opposite  side,  except 
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in  the  Woodpeckers,  where  the  tail,  by  means  of  its  stiff  and 
pointed  quill-feathers,  serves  as  a  prop  to  support  the  bird  on  the 
perpendicular  trunks  of  trees  on  which  it  seeks  its  food.  In  these 
the  ischio^coccj/ffeus,  ib.  14,  is  of  large  size,  extending  from  the 
lower  edge  of  the  ischiadic  tuberosity,  and  from  the  diapophyses 
of  the  anterior  caudal  vertebrae  to  the  haemapophyses  of  the  pos- 
terior ones,  and  to  the  sides  of  the  ploughshare  bone. 

Of  the  Muscles  of  the  head,  those  which  are  attached  to  it  for 
its  general  motions  have  already  been  described ;  the  remaining 
muscles  of  this  part  are  devoted  to  the  movements  of  the  jaws,  the 
tongue,  the  eye,  and  the  ear. 

The  muscles  of  the  jaws  are  chiefly  modified  in  relation  to  the 
moveable  condition  of  the  upper  mandible  and  tympanic  bone, 
and  the  subserviency  of  the  latter  to  the  actions  of  these  parts. 

The  temporalis y  fig.  35, 17,  fills  the  temporal  fossa,  which  con- 
sequently indicates  the  bulk  of  that  muscle  in  the  dry  skull.  It 
arises  from  a  greater  or  less  extent  of  the  temporal  and  parietal 
bones,  and,  as  it  passes  within  the  zygoma,  becomes  closely 
blended  with  the  masseter ;  the  united  muscles  derive  an  acces- 
sion of  fibres  from  the  lower  part  of  the  orbit,  and  are  inserted 
into  the  raised  superior  margin,  representing  the  coronoid  process ; 
and  into  the  sides  of  the  lower  jaw  from  the  articulation  as  far 
forward  as  the  commencement  of  the  horny  bill.  In  the  Cormo- 
rant, the  osseous  style,  moveably  articulated  to  the  superoccipital, 
affords  to  the  temporal  muscles  a  more  extensive  origin.  This, 
indeed,  is  its  essential  use,*  for  the  muscles  of  the  upper  part  of 
the  neck  are  inserted  into  the  occipital  bone,  and  glide  beneath 
the  posterior  or  superadded  fasciculi  of  the  temporalis. 

The  biventer  maxill(By  ib.  18,  arises  by  two  portions,  the  one 
from  the  lateral  depression,  the  other  from  the  lower  part  of  the 
paroccipital ;  they  are  inserted  into  the  back  part  and  angle  of 
the  lower  jaw. 

The  openers  and  closers  of  the  mandibles  present  very  slight 
differences  of  bulk  in  relation  to  the  developement  of  the  parts  they 
are  destined  to  move ;  their  disproportion  to  the  bill  is,  on  the 
contrary,  truly  remarkable  in  the  Horn-bills,  Toucans,  and  Pe- 
lican, and  the  bill  is  but  weakly  closed  in  these  in  comparison 
with  the  shorter-billed  birds. 

The  upper  mandible  when  moveable  is  acted  on  by  three 
muscles  on  either  side.  The  first  is  of  a  radiated  form,  arises 
from  the  septum  of  the  orbits,  the  fibres  converging  to  be  inserted 
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into  the  pterygoid  near  its  articulation  with  the  ^^inpanic.  It 
draws  forward  the  pterygoid  bone,  which  pushes  against  and  raises 
the  upper  jaw. 

The  entotympanicusy  or  levator  tympanicus,  arises  from  the  dde 
of  the  basisphenoid  and  is  inserted  into  the  fossa,  on  the  inner 
surface  of  the  tympanic  bone :  in  adducting  that  bone  it  pushes  h> 
ward  the  pterygoid,  and,  consequently,  the  upper  mandible  in  the 
same  way  as  the  preceding  muscle,  and  assists  in  opening  the  bill 

The  pterygoideus  extemus  arises  from  the  outer  side  of  the 
orbital  process  of  the  tympanic,  and  is  inserted  into  the  mandible  in 
front  of  the  outer  articular  cavity.  The  pterygoideus  intemmt 
arises  by  a  tendon  from  the  fore  part,  and  by  fleshy  fibres  from 
the  rest,  of  the  depression  upon  the  palatine  bone,  and  is  inserted 
into  the  inner  part  of  the  inflected  angle  of  the  mandible.  Thb 
muscle  draws  forward  the  lower  jaw. 

In  the  Cross-bill  {Loxia  curvirostrd)  there  is  a  remarkable  want 
of  symmetry  in  the  muscles  of  the  jaws  on  the  two  sides  of  the 
head  corresponding  to  their  peculiar  position.  Those  of  the  side 
towards  which  the  lower  jaw  is  drawn  in  a  state  of  rest  (which 
varies  in  different  individuals)  are  most  developed,  and  act  upon 
the  mandibles  with  a  force  that  enables  the  bird  to  dislodge  the 
seeds  of  the  fir-cones,  which  constitute  its  food.* 

The  articulation  of  the  lower  jaw  is  strengthened  and  its  move- 
ments restrained  by  two  strong  ligaments ;  one  of  these  is  extended 
from  the  squamosal  to  the  outer  protuberance  near  the  joint  of 
the  lower  jaw.  The  second  ligament  extends  from  the  hind  end 
of  the  squamosal  directly  backward  to  the  posterior  part  of  the 
inner  articular  depression  of  the  lower  jaw,  and  guards  against 
the  backward  dislocation  of  the  lower  jaw. 

§  133.  Muscles  of  the  wings. — Some  of  those  inserted  into  the 
humerus,  are  prodigiously  developed,  and  form  the  most  charac- 
teristic part  of  the  myology  of  the  Bird.  The  muscles  of  the 
shoulder,  however,  are  but  small,  and  those  of  the  distal  s^ments 
of  the  wing  still  more  feeble. 

The  Trapezius^  fig.  35,  2o,  arises  from  the  spines  of  the  lower 
cervical,  and  a  varying  number  of  the  contiguous  dorsal  ver- 
tebrse,  and  is  inserted  into  the  dorsal  margin  of  the  scapula  and 
the  corresponding  extremity  of  the  coracoid. 

The  rhomboideus  lies  immediately  beneath  the  preceding,  and 
is  always  single ;  it  passes  in  a  direction  contrary  to  the  trapezius 
from  the  spines  of  the  anterior  dorsal  vertebnc  to  the  dorsal  edge 
of  the  scapula.     It  has  no  representative  in  the  Apteryx. 

»  xxvir.  p.  459. 


MUSCULAR  SYSTEM   OF   AVES.  95 

The  levator  scapultB  arises  by  digitations  from  the  pleura- 
pophyses  of  the  last  cervical,  and  the  first  two  dorsal  vertebrae ; 
it  is  inserted  into  the  posterior  part  of  the  dorsal  edge  of  the 
Bcapula,  which  it  pulls  forwards.  In  the  Apteryx  it  seems  to  be 
the  most  anterior  portion  of  the  series  of  fasciculi  composing  the 
gerratus  magnus  anticus.  This  muscle,  fig.  35,  21,  is  most  de- 
veloped in  birds  of  prey  ;  it  arises  by  large  digitations  from  three 
or  four  of  the  middle  ribs,  and  converges  to  be  inserted  into  the 
extremity  of  the  scapula. 

The  serratus  parvus  anticus  arises  by  digitations  from  the  first 
and  second  ribs,  and  is  inserted  into  the  conunencement  of  the 
inferior  margin  of  the  scapula.  This  is  the  largest  of  the  muscles 
of  the  scapula  in  the  Penguins. 

A  muscle,  which  may  be  regarded  either  as  a  portion  of  the 
pectoralis  minor  or  as  the  analogue  of  the  subclavius  muscle, 
arises  from  the  anterior  angle  of  the  sternum,  and  is  inserted  into 
the  external  margin  of  the  sternal  extremity  of  the  coracoid  bone. 
The  supra-spinatusy  ib.  22,  arises  from  the  anterior  and  outer 
part  of  the  humeral  end  of  the  scapula,  and  is*  inserted  behind 
the  largely  developed  radial  crest  of  the  humerus. 

The  muscle  which  seems  to  represent  both  the  infraspinatus 
and  teres  major^  ib.  23,  has  a  more  extensive  origin  from  the 
scapula,  and  is  inserted  into  the  ulnar  tuberosity  of  the  humerus, 
where  it  is  closely  attached  to  the  capsule  of  the  shoulder-joint. 

The  subscapularis  arises  from  the  anterior  part  of  the  inner  sur- 
face of  the  scapula,  and  is  inserted  into  the  ulnar  humeral  tubero- 
sity.    It  is  divided  into  two  portions  by  the  pectoralis  minor. 

The  latissimus  dorsiy  ib.  24,  is  but  a  feeble  muscle  in  Birds,  and 
is  constantly  divided  into  two  distinct  slips.  The  anterior  portion 
arises,  more  superficial  than  the  trapezius,  from  the  spines  of  the 
four  or  five  anterior  dorsal  vertebrae,  and  is  inserted  near  the 
tendon  of  the  deltoid  into  the  outer  side  of  the  humerus.  The 
posterior  slip  comes  from  the  spines  of  the  dorsal  vertebrae  above 
the  origin  of  the  broad  abductor  femorisy  ib.  40,  and  sometimes 
from  the  anterior  margin  of  the  same  muscle,  and  is  inserted 
by  a  broad  and  thin  tendon  immediately  in  front  of  the  pre- 
ceding portion. 

The  deltoidesy  ib.  26,  arises  from  the  anterior  part  of  the  scapula; 
also  in  Volitores  and  Cantores  from  the  acromial  end  of  the  furcu- 
lum  and  the  coraco-furcular  ligament :  a  distinct  fasciculus  from 
the  inner  angle  of  the  humeral  end  of  the  scapula  passes  over 
the  OS  humero-scapulare,  or  the  humero-scapular  ligament,  to  be 
inserted  into  the  angle  of  the  pectoral  ridge ;  this  portion  is  large 
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and  distinct  in  Doves ;  *  where  the  humero-scapular  ossicle  exists, 
a  fasciculus  therefrom^  large  in  Owls,  appears  as  a  distinct  origin 
of  the  deltoid,  the  main  mass  of  which  muscle  is  inserted  i^ito  the 
pectoral  ridge  from  its  angle  distad.  The  deltoid  raises  and 
retracts  the  wing. 

Birds  have  the  pectoralis  muscle  divided,  as  in  many  ManunaU, 
into  three  portions,  so  distinct  as  to  be  regarded  as  separate 
muscles ;  they  all  arise  from  the  enormous  sternum,  and  act  upon 
the  proximal  extremity  of  the  humerus. 

The  Jirst  or  ffreat  pectoral  muscle^  ib.  26,  is  extraordinarily  de- 
veloped, and  is  in  general  the  largest  muscle  of  the  body.  In 
birds  of  flight  it  often  equals  in  weight  all  the  other  muscles  of 
the  body  put  together.  It  arises  from  the  anterior  part  of  the 
outer  surface  of  the  clavicle  or  furculum,  from  the  keel  of  the 
sternum,  and  from  the  posterior  and  external  part  of  the  lower 
surface  of  that  bone ;  it  is  inserted  by  an  extended  fleshy  margin 
into  the  palmar  surface  of  the  pectoral  crest  of  the  humerus.  It 
forcibly  depresses  the  humerus,  and,  consequently,  forms  the 
principal  instruriient  in  flight. 

This  muscle  is  very  long  and  wide  in  the  Natatores  generally, 
but  in  the  Penguin,  its  origin  is  limited  to  the  external  margin  of 
the  subjacent  pectoral  muscle,  which  is  here  remarkably  developed. 
The  great  pectoral  is  very  long,  but  not  very  thick  in  the  Rasores. 
In  the  Herons  it  is  shorter,  but  much  stronger  and  thicker.  Its 
size  is  most  remarkable  in  the  Humming-birds,  Swallows,  and 
diurnal  Birds  of  Prey,  where  it  is  attached  to  almost  the  whole 
outer  surface  of  the  sternum  and  its  crest,  and  has  an  extended 
insertion.  In  the  Ostrich  its  origin  is  limited  to  the  anterior  and 
external  eighth  part  of  the  sternum,  and  it  is  inserted  by  a 
feeble  tendon  into  the  commencement  of  the  pectoral  crest  of  the 
humerus,  to  which  it  gives  a  strong  rotatory  motion  forwards. 
In  the  Apteryx  the  pectoralis  major  ^  is  represented  by  two  thin 
triangular  layers  of  muscular  fibres  attached  to  the  under  and 
lateral  part  of  the  sternum,  and  converging  to  be  inserted  into  the 
proximal  third  of  the  minute  humerus. 

The  second  pectoral  muscle  is  situated  in  birds  of  flight  beneath 
the  great  pectoral ;  it  has  the  form  of  an  elongated  triangle :  it 
arises  from  the  base  of  the  crest  of  the  sternum  and  from  the 
mesial  part  of  the  inferior  surface  of  that  bone ;  it  increases  in 
size  as  it  ascends,  then  again  becomes  suddenly  contracted,  passes 
upward  and  backward  round  the  coracoid,  between  that  bone  and 
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the  clavicle,  then  turns  downward  and  outward,  and  is  inserted, 
fleshy,  above  and  in  front  of  the  great  pectoral,  into  the  upper  ex- 
tremity of  the  humeral  crest. 

The  interspace  between  the  clavicle,  coracoid,  and  scapula, 
through  which  its  tendon  passes,  serves  as  a  pulley,  by  means  of 
which  the  direction  of  the  force  of  the  cameous  fibres  is  changed, 
and  although  these  fibres  ascend  from  below  toward  their  inser- 
tion, yet  they  forcibly  raise  the  humerus,  and  thus  a  levator  of  the 
wing  is  placed  without  inconvenience  on  the  lower  part  of  the 
trunk,  and  the  centre  of  gravity  proportionally  depressed. 

In  the  Penguins,  Guillemots,  and  Gulls,  this  muscle  is  almost 
the  largest  of  the  three,  occupying  the  whole  length  of  the  ster- 
num. It  is  remarkable  for  the  length  and  strength  of  its  tendon, 
which  is  inserted  so  as  to  draw  forwards  the  humerus  with  great 
force.  It  is  proportionally  the  smallest  in  the  Raptores ;  and  is 
very  small  and  slender  in  the  Struthious  birds. 

We  have  already  alluded  to  the  use  which  the  Penguin  makes 
of  its  diminutive  anterior  extremities  as  water-wings,  or  fins  ;  to 
raise  these  after  making  the  down-stroke  ob\'iously  requires  a 
greater  effort  in  water  than  a  bird  of  flight  makes  in  raising  its 
wings  in  air :  hence  the  necessity  for  a  stronger  developement  of 
the  second  pectoral  muscle  in  this  and  other  diving  birds,  in  all 
of  which  the  wings  are  the  chief  organs  of  locomotion,  in  that 
action,  and  consequently  require  as  powerful  a  developement  of 
the  pectoral  muscles  as  the  generality  of  birds  of  flight. 

The  third  pectoral  muscle^  which  is  in  general  the  smallest  of 
the  three,  arises  from  the  anterior  part  of  the  sternum  at  the  angle 
between  the  body  and  keel,  and  also  by  a  more  extended  origin, 
from  the  posterior  moiety  of  the  inferior  surface  of  the  coracoid 
and  the  coraco-clavicular  membrane;  it  is  directed  forward, 
rising,  to  pass  through  the  scapulo-coracoid  trochlea ;  its  tendon 
glides  through  a  sheath,  attached  to  the  capsule  of  the  shoulder- 
joint,  and  in  some  birds  to  the  os  humero-scapulare ;  and  is  inserted 
into  the  radial  tuberosity  of  the  humerus  which  it  helps  to  raise. 

It  is  proportionally  large  in  the  Penguins  and  Gulls,  but  attains 
its  greatest  developement  in  the  Gallinaceous  order. 

Above  the  preceding  muscle  there  is  another  longer  and  more 
slender  one,  analogous  to  the  coraco'brachialisy  which  arises 
from  the  middle  of  the  posterior  surface  of  the  coracoid  ;  its  direc- 
tion upward  is  less  vertical  than  that  of  the  third  pectoral,  along 
the  outer  side  of  which  it  is  attached  to  the  anterior  tuberosity 
of  the  humerus.  This  muscle  is  wanting  in  the  Struthionidcsy  is 
of  small  size  in  the  Heron  and  Goose,  is  much  more  developed  in 
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however,  it  is  exclusively  inserted  into  the  leg,  it  is  here  described 
with  the  other  muscles  moving  that  segment  of  the  pelvic  ex- 
tremity. The  removal  of  this  muscle,  of  the  sartoriuSy  and  the 
biceps  cruris^  is  requisite  to  bring  into  view  the  true  fflutcei, 

GlutcBus  externus^  is  smaller  than  the  middle  glut<BuSy  but  is 
relatively  larger  in  the  Apteryx  than  in  birds  of  flight.  Besides 
its  origin  from  the  outside  of  the  pelvis,  it  overlaps  part  of  the 
glutcBus  mediusy  and  has  its  insertion  into  the  femur  at  some 
distance  below  the  great  trochanter,  all  of  which  are  marked 
characteristics  of  the  gluteus  magnus.  It  takes  its  origin  from 
the  superior  margin  of  the  os  innominatum,  extends  along  an  inch 
and  a  quarter  of  that  margin,  directly  above  the  hip-joint,  and  is 
chiefly  attached  by  distinct  short  tendinous  threads,  which  run 
down  upon  the  external  surface  of  the  muscle :  it  rises  also  by 
carneous  fibres  from  the  external  surface  of  the  os  innominatum 
for  three  lines  below  the  superior  margin.  The  fibres  converge 
and  pass  into  a  tendinous  sheet,  beginning  on  the  external  surface 
of  the  muscle  half-way  down  its  course,  which  ends  in  a  broad, 
flat,  strong  tendon,  inserted  into  a  rising  on  the  outer  side  of  the 
femur  nearly  an  inch  below  the  great  trochanter.  It  abducts  and 
raises  the  femur. 

The  glutcBus  medius^  is  a  large,  triangular,  strong  and  thick 
muscle,  which  has  an  origin  of  three  inches'  extent  from  the 
rounded  anterior  and  superior  margin  of  the  ilium,  and  from  the 
contiguous  outer  surface  of  the  bone  for  an  extent  varying  from 
an  inch  to  eight  lines.  Its  fibres  converge  to  a  strong,  short, 
broad  and  flat  tendon,  implanted  in  the  external  depression  of  the 
great  trochanter,  having  a  bursa  mucosa  interposed  between  the 
tendon  and  the  bony  elevation  anterior  to  the  depression. 

T\iQghit(Bus  minimus^  rises  below  and  internal  to  the  preceding 
muscle  from  the  anterior  and  inferior  extremity,  and  from  one 
inch  and  three-fourths  of  the  inferior  and  outer  margin  of  the 
ilium,  and  contiguous  external  surface,  as  far  as  the  origin  of 
the  glutcBus  medius ;  also  by  some  fleshy  fibres  from  the  outside 
of  the  last  rib.  These  fibres  slightly  converge  as  they  pass  back- 
ward to  terminate  in  a  broad  flat  tendon  which  bends  over  the 
outer  surface  of  the  femur,  to  be  inserted  into  the  elevation  ante- 
rior to  the  attachment  of  the  glutmus  magnus. 

A  muscle  *  which  may  be  regarded  either  as  a  distinct  accessory 
to,  or  a  strip  of,  the  preceding  one,  arises  immediately  behind  it 
from  half  an  inch  of  the  outer  and  inferior  part  of  the  ilium ;  its 
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fibres  run  nearly  parallel  with  those  of  the  glut(£us  minimus^  and 
terminate  in  a  thin  flat  tendon,  which  similarly  bends  round  the 
outer  part  of  the  femur,  to  be  inserted  into  the  outer  and  under 
part  of  the  trochanter  immediately  below  the  tendon  of  the  glutcBus 
medius.  This  muscle  and  the  preceding  portion,  or  glutcBus  minU 
mus^  are  described  by  Prof.  Mayer*  under  the  names  oi  glutmis 
quartus  and  glutceus  quintus,  in  the  Cassowary ;  one  of  them  is 
absent  in  most  Birds. 

Use,  All  the  preceding  muscles  combine  to  draw  the  femur 
forward,  and  to  abduct  and  rotate  it  inward. 

Hiacus  internus.  This  is  a  somewhat  short  thick  muscle,  of  a 
I)arallelogrammic  form,  fleshy  throughout ;  rising  from  the  tube- 
rosity of  the  innominatum  in  front  of  the  acetabulum  immediately 
below  the  glutcetis  minimus^  and  inserted  at  a  point  corresponding 
to  the  inner  trochanter,  into  the  inner  side  of  the  femur  near  the 
head  of  that  bone,  which  it  thus  adducts  and  rotates  outwards. 
This  muscle  is  present  both  in  the  Ostrich  and  Bustard. 

Pgramidalis.  The  same  kind  of  modification  which  affects  the 
ilincus  internusy  viz.  the  displacement  of  its  origin  from  the  inner 
surface  of  the  ilium  to  a  situation  nearly  external,  afiects  this 
muscle.  It  arises  fleshy  from  the  outer  surface  of  the  ischium  for 
the  extent  of  an  inch,  and  converges  to  a  broad  flat  tendon  which 
is  inserted  into  the  trochanter  femoris  opposite,  but  close  to,  the 
tendon  of  the  glutcBus  minimusy  which  it  opposes,  abducting  and 
rotating  the  femur  outwards. 

The  adductor  brevis  femoris  ^  arises  from  the  innominatum  im- 
mediately behind  the  acetabulum,  passes  over  the  back  part  of 
the  great  trochanter,  becomes  partially  tendinous,  and  is  inserted 
into  the  back  part  of  the  femur  in  common  with  the  following 
muscle. 

The  adductor  longus^  is  a  long,  broad  and  thin  muscle,  sepa- 
rated from  the  preceding  by  the  ischiadic  nerve  and  artery.  The 
origin  of  this  muscle  extends  one  inch  and  a  quarter  from  near 
the  upper  margin  of  the  innominatum  which  is  behind  the  aceta- 
bulum ;  it  is  joined  by  the  preceding  strip,  and  is  inserted  into 
the  whole  of  the  lower  two-thirds  of  the  back  part  of  the  femur. 

The  adductor  magnus^  is  a  broad  and  flat  muscle,  which  has 
an  extensive  origin  (two  inches)  from  the  outer  edge  of  the 
ischium  and  the  obturator  fascia ;  its  fibres  slightly  diverge  as  they 
pass  downward  to  be  inserted  into  the  back  part  of  the  lower 
half  of  the  femur,  and  into  the  upper  and  back  part  of  the  tibia. 
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The  obdurator  internus  arises  from  the  inner  side  of  the  oppo- 
site margins  of  the  pubis  and  ischium^  where  they  form  the 
posterior  boundary  of  the  obturator  foramen,  and  from  the  corre- 
sponding part  of  the  obturator  fascia  ;  the  fleshy  fibres  conyerge 
in  a  slightly  penniform  manner  to  the  strong  round  tendon  which 
glides  through  the  notch,  separated  from  the  rest  of  the  foramen 
by  a  short,  strong,  transverse,  unossified  ligament,  and  is  inserted 
into  the  posterior  part  of  the  base  of  the  trochanter.  In  its  length 
and  size  this  muscle  resembles  the  corresponding  one  in  the 
Ostrich  and  other  Struthious  birds. 

The  gemellus  is  represented  by  a  single  small  fleshy  strip 
arising  from  the  margin  of  the  obturator  foramen^  close  to  the 
emergence  of  the  tendon  of  the  obturator  internus^  with  which  it 
is  joined,  and  co-inserted  into  the  femur. 

The  quadratus  is  a  broad  fleshy  muscle  which  arises  from  the 
pubis,  below  the  obturator  foramen,  and  which  increases  in  breadth 
to  be  inserted  into  the  femur  internal  and  posterior  to  the  obtu- 
rator tendon. 

Abductor  magnus}  The  largest  and  most  remarkable  of  the 
muscles  which  act  upon  the  bones  of  the  leg  is  that  already 
alluded  to  as  the  most  superficial  of  those  on  the  outer  side  of  the 
thigh.  It  has  a  broad,  thin,  triangular  form,  and  arises  fitMn  the 
spines  of  the  sacrum  by  a  strong  but  short  aponeurosis  which 
soon  becomes  fleshy ;  the  cameous  fibres  converge  as  they  de- 
scend,^ and  pass  into  a  thin  aponeurosis  at  the  lower  third  of  the 
thigh:  this  is  closely  attached  to  the  muscles  beneath  (oojto 
externus  and  crurcBus),  then  spreads  over  the  outer  and  anterior 
part  of  the  knee-joint,  is  inserted  into  the  patella,  and  into  the 
anterior  process  of  the  head  of  the  tibia. 

Owing  to  the  great  antero-posterior  extent  of  the  origin  of  this 
muscle,  its  anterior  fibres  are  calculated  to  act  as  a  flexor,  its 
posterior  ones  as  an  extensor,  of  the  femur :  all  together  combine 
to  abduct  the  thigh  and  extend  the  leg,  unless  when  this  is  in  a 
state  of  extreme  flexion,  when  a  few  of  the  posterior  fibres  glide 
behind  the  centre  of  motion  of  the  knee-joint. 

Sartorius.*    The  origin  of  this  muscle  is  characterised  by  an 

*  xr.  vol.  iii.  pi.  31,  n. 

'  They  are  not  divided  into  a  superficial  and  deep  layer,  as  in  the  Ottriefa,  bat 
form  a  simple  stratum,  as  in  the  Cassowary.  Meckel  regards  the  recfait  JmmanM  m 
entirely  wanting  in  the  Cassowary,  supposing,  with  Cuyier,  the  present  mnacle  to  be 
the  analogue  of  the  glutcmt  maximua  and  tensor  vagina  united.  lie  aaya  thai  Ptofce- 
sor  Nitzsch  observed  a  like  absence  of  the  rectus  femoris  in  the  Emeu.  CnTte  ealb 
that  muscle  rectus  anticus  femoris,  which  is  here  described  as  the  'pectmems* 

'  xr.  vol.  iii.  pl5.  31  and  35,  i. 
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unuBUBi  extenBion,  Kke  that  of  the  preceding,  with  which  it  is 
\K)atenoAy  contanuOTU :  it  comes  off  aponeurotic,  from  the  anterior 
and  superior  mai^  or  labrum  of  the  ilium;  the  fibres  soon 
become  fleaby,  and  ibe  muscle  diminishes  in  breadth  and  increases 
in  tbickneea  as  it  deBceads;  it  is  inserted  by  short  and  strong 
tendinous  filamente  obliquely  into  the  anterior  part  of  the  tendon 
of  the  broad  rectos,  and  into  the  anterior  and  inner  part  of  the 
head  of  the  tibia.  Its  insertion  is  partly  covered  by  the  internal 
head  of  the  gastrocnemhu.  It  bends  and  adducts  the  thigh,  and 
extends  the  leg. 

The  homologue  of  the  biceps  flexor  cruris^  is  a  unicipital 
muscle,  corresponding  with  the  abductor  magnus^  by  the  removal 
of  which  it  is  exposed^  in  the  characteristic  modification  of  its 
extended  origin,  in  relation  to  the  great  antero-posterior  develope- 
ment  of  the  pelvic  bones.  Orig.  By  a  broad  and  thin  aponeurotic 
tendon,  which  at  first  is  confluent  with  that  of  the  abductor^  but 
soon  becomes  distinct,  from  the  posterior  prolongation  of  the 
ilium :  there  is  no  second  head  from  the  femur.  Ins.  The  fleshy 
fibres  converge  as  they  descend  along  the  back  and  outer  part  of 
the  thigh,  and  finally  terminate  in  a  strong  round  tendon,  which 
glides  through  a  loop  formed,  as  in  the  common  Fowl,  Ostrich, 
&c.,  by  a  ligament  extended  from  the  back  of  the  outer  condyle 
of  the  femur  to  the  head  of  the  tibia,  and  is  inserted  into  the 
process  on  the  outside  of  the  fibula.  By  means  of  the  loop  the 
weight  of  the  hinder  parts  of  the  body  is  partially  transferred, 
when  the  leg  is  bent,  to  the  distal  end  of  the  femur ;  and  the 
biceps  is  enabled,  by  the  same  beautiful  and  simple  mechanism, 
to  effect  a  more  rapid  and  extensive  inflection  of  the  leg  than  it 
otherwise  could  have  produced  by  the  simple  contraction  of  its 
fibres. 

The  semimembranosus^  arises  from  the  side  of  the  caudal 
vertebrae,  and  from  the  posterior  end  of  the  ischium ;  it  crosses 
the  superficial  or  internal  side  of  the  semitendinosus.  It  is  in- 
serted into  the  fascia  covering  the  gastrocnemius  and  the  inside 
of  the  tibia :  through  the  medium  of  the  fascia  it  acts  upon  the 
tendon  of  the  internal  gastrocnemius. 

The  semitendinosus^  arises  from  the  posterior  and  outer  part 
of  the  sacrum  and  the  aponeurosis  connecting  it  with  the  ischium : 
it  is  a  flattened  triangular  muscle,  which  receives  the  square 
arressorius  muscle  from  the  lower  and  posterior  part  of  the  femur. 
It  gradually  diminishes  as  it  descends,  and  having  passed  the 

'  xr.  Tol.  iiL  pis.  31,  32,  K.  >  Ibw  pis.  32,  35,  l.  '  lb.  pU  32,  35,  m. 
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knee-joint,  sends  off  at  right  angles  a  broad  and  square  sheet  of 
aponeurosis,  which  glides  between  the  two  origins  of  the  gastro- 
cnemius  infernus,  and  is  inserted  into  the  lower  part  of  the  angular 
ridge  continued  from  the  inside  of  the  head  of  the  tibia.  The 
terminal  tendon,  continued  from  the  apex  of  the  muscle,  then 
runs  along  the  outer  or  fibular  margin  of  the  internal  head  of  the 
gastrocnemius^  and  becomes  confluent  with  the  tendon  of  that 
muscle. 

The  crurcBus^  is  a  simple  but  strong  muscle:  it  commences  at 
the  upper  and  anterior  part  of  the  thigh  by  two  extremities,  of 
which  the  outer  and  upper  one,  representing  the  vastus  extemusy 
has  it«  origin  extended  to  the  base  of  the  trochanter ;  the  inner 
and  inferior  comes  off  from  the  inner  side  of  the  femur,  beneath 
the  insertion  of  the  gluteus  magnus ;  the  two  portions  blend  into 
one  muscle  much  earlier  than  in  the  Ostrich*  It  is  inserted  by 
the  ligamentum  patellae  into  the  fore-part  of  the  head  of  the 
tibia. 

The  gracilis'^  lies  on  the  inner  side  of  the  cruneusy  but  more 
superficially ;  it  rises  by  two  heads,  one  from  the  anterior  and 
upper  part  of  the  femur,  the  other  from  the  os  pubis ;  both  soon 
become  blended  together  and  transmit  a  broad  thin  tendon  to  be 
inserted  into  the  lower  and  lateral  part  of  the  patella  with  the 
crurcBus. 

Two  other  muscles  succeed  the  preceding,  and  rise  beneath  it 
from  the  inner  and  anterior  part  of  the  femur;  they  have  a 
similar  insertion,  and  obviously  represent  the  vastus  internus.* 
The  fibres  converge  to  a  middle  aponeurosis,  which  increases  to  a 
strong  short  tendon,  inserted  into  the  upper  and  anterior  projec- 
tion of  the  tibia. 

Popliteus.  This  small  muscle  is  brought  into  view  when  the 
superficial  muscles  of  the  leg  which  are  inserted  into  the  foot  are 
removed.  Its  cameous  fibres  extend  from  the  fibula  inward  and 
downward  to  the  tibia.  It  is  of  relatively  smaller  extent  than  in 
the  Cassowary. 

Gastrocnemius,  This  complex  and  powerful  muscle  consists, 
as  in  other  Birds,  of  several  distinct  portions,  the  chief  of  which 
correspond  with  the  external  and  internal  origins  of  the  same 
muscle  in  Mammals.  The  gastrocnemius  externus^  arises  by  a 
strong,  narrow,  rather  flattened  tendon  from  the  ridge  above  the 
external  condyle  of  the  femur,  which,  about  an  inch  below  its 

»  X1-.  vol.  iii.  pis.  32,  35,  a  '  lb.  pi.  35,  r.  »  lb.  pi.  35,  Q. 
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origin,  becomes  firmly  attached  to  the  strong  ligamentous  loop 
attached  by  one  end  to  the  femur  above  the  preceding  tendon, 
and  by  the  other  to  the  outer  ridge  of  the  fibula.  Tliis  trochlear 
loop  is  lined  by  synovial  membrane,  and  supports  the  tendon  of 
the  biceps  cruris^  which  glides  through  it.  The  cameous  fibres 
of  the  external  gastrocnemius  eome  off  from  the  outer  side  of  the 
tendon,  and  from  the  fascia  covering  the  outer  surface  of  the 
muscles  of  the  leg :  they  are  continued  in  a  somewhat  penniform 
arrangement  two-thirds  down  the  leg,  upon  the  inner  surface  of 
the  muscle,  where  they  end  in  a  strong  subcompressed  tendon. 
This  joins  its  fellow-tendon,  from  the  internal  gastrocnemius ^ 
behind  the  ankle-joint,  and  both  expand  into  a  thick,  strong  liga- 
mentous aponeurosis,  which  extends  over  three-fourths  of  the 
posterior  part  of  the  tarso-metatarsal  bone.  The  lateral  margins 
of  this  fascia  are  bent  down  under  the  flexor  tendons  behind  the 
joint,  and  become  continuous  with  a  strong  ligamentous  layer 
gliding  upon  the  posterior  surface  of  the  distal  condyles  of  the 
tibia,  and  attached  to  the  tendons  of  the  peroneus  and  tibialis 
anticus  :  the  conjunction  of  the  thickened  tendons  of  the  gastro- 
cnemii  with  this  deeper-seated  layer  of  ligamento-tendinous  sub- 
stance constitutes  a  trochlear  sheath  lined  by  synovial  membrane, 
through  which  the  flexor  tendons  of  the  toes  glide.  The  synovial 
membrane  of  the  ankle-joint  is  continued  upward,  half  an  inch 
above  the  articular  surface  of  the  bone,  between  it  and  the  fibro- 
cartilaginous pulley.  Below  the  joint  the  margins  are  inserted 
into  the  lateral  ridges  of  the  tarso-metatarsal  bone,  becoming 
gradually  tliinner  as  they  descend,  and  ending  below  in  a  thin 
semilunar  edge  directed  downward. 

The  gastrocnemius  internus  ^  has  two  powerful  heads,  one  from 
the  femur,  the  other  from  the  tibia ;  the  first  arises  fleshy  from 
the  internal  condyle  of  the  femur,  expands  as  it  descends,  and 
receives  additional  fibres  from  the  lower  edge  of  the  accessorius 
semitendinosi.  About  one-fifth  down  the  tibia  this  muscular  origin 
in  the  right  leg  terminated  in  a  flattened  tendon  which  became 
attached  to  the  inner  side  of  the  tibial  portion  of  the  gastrocnemius 
internus.  The  second  head,  which  is  separated  from  the  pre- 
ceding by  the  insertion  of  the  semitendi?iosus,  arises  partly  from 
the  internal  and  anterior  part  of  the  strong  fascia  of  the  knee- 
joint  by  short  tendinous  fibres,  which  almost  immediately  become 
fleshy,  and  partly  from  a  well-defined  triangular  surface  on  the 
inner  and  anterior  aspect  of  the  head  of  the  tibia :  the  fleshy  fibres 

*  xr.  vol  ill  pi.  35,  R. 
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converge,  receive  the  tendinous  slip  from  the  femoral  portion,  and 
end  on  the  inner  side  of  the  muscle  in  a  strong  flattened  tendon, 
about  two-thirds  down  the  leg :  this  joins  the  tendon  of  the  gas- 
trocnemius externus  and  is  inserted  as  described  above. 

The  solem  *  is  a  slender  flattened  muscle  arising  from  the 
posterior  part  of  the  head  of  the  tibia,  the  tendon  of  which  joins 
that  of  the  gastrocnemius  internus,  behind  the  tarsal  joint. 

The  Jlexor  perforans  digitorum^  lies  immediately  anterior  to 
the  external  gastrocnemius ;  it  arises  fleshy  from  the  outer  con- 
dyle of  the  femur,  below  the  tendinous  origin  of  that  muscle,  and 
terminates  in  a  slender  flat  tendon  half-way  down  the  leg.  Its 
tendon,  fig.  35,  5i,  glides  behind  the  tarsal  joint  through  the 
sheath  of  the  gastrocnemius y  expands  beneath  the  metatarsus  and 
bifurcates,  sending  its  smallest  division  to  the  inner  toe,  ib.  52,  and 
its  larger  one  to  blend  with  the  tendon  of  the  peroneus  medius. 

Flexor  perforatus  of  the  outer  toe.*  This  arises  by  very  short 
tendons  from  the  proximal  end  of  the  fibula,  and  fix)m  the  liga- 
ment forming  the  bicipital  pulley ;  it  continues  to  derive  a  thin 
stratum  of  fleshy  fibres  from  the  fascia  covering  the  anterior  sur- 
face of  the  muscles  of  the  leg :  the  fleshy  fibres  terminate  half- 
way down  the  leg  in  a  flattened  tendon,  which,  after  entering  the 
gastrocnemial  sheath,  pierces  the  tendon  of  the  first  perforatus  of 
the  middle  toe,  then  runs  forward  to  the  outer  toe,  expands  into  a 
thick  ligamentous  substance  beneath  the  proximal  phalanx,  and 
sends  ofl*  two  tendinous  attachments  on  each  side,  one  to  the 
proximal,  the  other  to  the  second  phalanx,  and  is  continued  to  be 
finally  inserted  into  both  sides  of  the  third  phalanx. 

Flexor  perforatus  digitorum  *  is  the  strongest  of  the  three ;  it 
arises  fleshy  from  the  posterior  part  of  the  distal  extremity  of  the 
femur,  above  the  external  condyle,  and  also  by  a  distinct  flattened 
tendon,  one  inch  in  length,  from  the  proximal  end  of  the  tibia, 
fig.  35,  50 :  this  tendon,  moreover,  receives  the  long  slender 
tendon,  ib.  4i,  sent  off*  obliquely  across  the  front  of  the  knee- 
joint  from  the  pectineus,  by  which  its  origin  is  extended  to  the 
pelvis.  This  accessory  tendon  perforates  the  inner  fleshy  surface 
of  the  muscle,  and  is  finally  lost  about  half-way  down  the  car- 
neous  part.  Before  the  Jlexor  perforatus  is  joined  by  the  tendon 
of  tlie  pectineusy  it  subdivides  posteriorly  into  four  muscular 
fasciculi.  The  anterior  division  receives  principally  the  above 
tendon,  and  this  division  of  the  muscle  becomes  wholly  tendinous 
two-thirds  down  the  leg ;  its  tendon  passes  through  the  posterior 

»  X1-.  vol.  iii.  pi.  35,  s.  «  Ib.  pis.  31,  32,  35,  1.  »  Ib.  pig.  31,  32,  35,  2. 
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part  of  the  pulley  of  the  ffostrocnemiusy  and  expands  as  it  passes 
along  the  metatarsus:  a  thick  ligamentous  substance  is  deve- 
loped in  it  opposite  the  joint  of  the  proximal  phalanx  of  the  second 
toe,  into  the  sides  of  which  it  is  inserted,  dividing  for  that  pur- 
pose, and  giving  passage  to  the  two  other  flexor  tendons  of  that 
toe.  The  second  portion  of  the  present  muscle  terminates  in  a 
tendon  situated  behind  the  preceding,  which  passes  through  a 
distinct  sheath  behind  the  tarsal  joint,  expands  into  a  sesamoid 
fibro-cartilage  beneath  the  corresponding  expansion  of  the  previous 
tendon,  which  it  perforates,  and  then  becomes  itself  the  perforated 
tendon  of  the  second  phalanx  of  the  second  toe,  in  the  sides  of 
which  it  is  inserted.  The  third  portion  of  this  muscle  ends  in  a 
somewhat  smaller  tendon  than  the  preceding,  which  forms  the 
second  perforatus  fiexor  of  the  third  or  middle  toe.  The  fourth 
and  most  posterior  portion  soon  becomes  a  distinct  muscle ;  its 
fleshy  fibres  cease  on  the  inner  side,  one-fourth  down  the  leg,  but 
on  the  outside  they  are  continued  three-fourths  down  the  leg  ;  its 
tendon  passes  through  the  gastrocnemial  pulley  behind  the  ankle- 
joint,  and  divides  to  form  a  sheath  for  the  flexor  •perforatus  of  the 
fourth  toe ;  it  is  then  joined  by  the  tendon  of  the  peroneusy  which 
passes  through  a  pulley  across  the  external  malleolus,  and  finally 
becomes  the  perforated  tendon  of  the  first  phalanx  of  the  middle 
or  third  toe. 

Pectineus  {rectus  anticus  femoris  of  Cuvier  *  and  Meckel  ^). — 
This  is  a  long,  thin,  narrow  strip  of  muscle  arising  from  the  spine 
of  the  pubis,  anterior  to  the  acetabulum,  and  passing  straight 
down  the  inner  side  of  the  thigh;  it  degenerates  into  a  small 
round  tendon  near  the  knee,  which  tendon,  fig.  35,  4i,  traverses 
a  pulley,  formed  by  an  oblique  perforation  in  the  strong  rotular 
tendon  of  the  extensors  of  the  leg,  and  thus  passing  across  the 
knee-joint  to  the  outer  side  of  the  leg,  finally  expands,  and  is  lost 
in  ihe  flexor  perforatus  digitorum  last  described.  It  is  this  muscle 
which  causes  the  toes  to  be  bent  when  the  knee  is  bent,  as  in  the 
act  of  perching. 

Peroneus  longus  •  arises,  tendinous  from  the  head  of  the  tibia, 
and  by  carneous  fibres  from  the  upper  half  of  the  anterior  margin 
of  the  tibia ;  these  fibres  pass  obliquely  to  a  marginal  tendon, 
which  becomes  stronger  and  of  a  rounded  form  where  it  leaves 
the  muscle.  The  tendon  gives  off  a  broad,  thin,  aponeurotic 
sheath  to  be  inserted  into  the  capsule  of  the  tarsal  joint ;  it  is 
then  continued  through  a  synovial  pulley  on  the  side  of  the  outer 
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malleolus,  and  is  finally  inserted  or  continued  into  the  perforated 
tendon  of  the  middle  toe. 

The  tibialis  anticus,  *  fig.  35,  48,  is  overlapped  and  concealed 
by  the  peroneus ;  it  arises  partly  in  common  with  that  muscle, 
and  partly  by  separate  short  tendinous  threads  from  the  outer 
part  of  the  head  of  the  tibia ;  it  gradually  becomes  narrower,  and 
finally  tendinous  two-thirds  of  the  way  down  the  leg ;  its  strong 
tendon  glides  through  the  oblique  pulley'  in  front  of  the  distal 
end  of  the  tibia,  expands  as  it  passes  over  the  ankle-joint,  and  is 
inserted  into  the  anterior  part  of  the  proximal  end  of  the  tarso- 
metatarsal bone,  sending  off  a  small  tendinous  slip  to  the  aponeu- 
rosis covering  the  extensor  tendons  of  the  toes,  and  a  strong 
tendon  which  joins  the  fibular  side  of  the  tendon  of  the  following 
muscle. 

Extensor  longus  digitorum,^  This  lies  between  the  tibialis 
anticus  and  the  front  and  outer  facet  of  the  tibia,  from  which  it 
derives  an  extensive  origin ;  its  tendon  commences  half-way  down 
the  leg,  runs  along  the  anterior  part  of  the  bone,  first  under  the 
broad  ligamentous  band  representing  the  anterior  part  of  the 
annular  ligament,  then  through  a  ligamentous  pulley,  and  inclines 
to  the  inner  or  tibial  side  of  the  anterior  surface  of  the  metatarsal 
bone,  where  it  expands  and  divides  into  three  tendons.  Of  these 
the  innermost  is  given  off  first,  and  subdivides  into  two  tendons, 
one  of  which  goes  to  be  inserted  into  the  base  of  the  last  phalanx 
of  the  second  toe ;  the  other  portion  is  principally  inserted  into 
the  middle  toe,  but  also  sends  ofi*  a  small  tendon  to  the  inner  side 
of  the  proximal  phalanx  of  the  second  toe.  The  second  tendon 
is  inserted  by  distinct  portions  into  the  second,  third,  and  last 
phalanges  of  the  middle  toe.  The  third  tendon  supplies  the  outer  toe,. 

The  extensor  brevis  digitorum  ^  is  a  small  extensor  muscle  which 
arises  from  the  insertion  of  the  tibialis  anticus  and  sends  its  tendon 
to  the  outer  side  of  that  of  the  great  extensor  digitorum. 

Extensor  pollicis  brevis,^  This  extensor  of  the  small  innermost 
toe  arises  from  the  upper  and  inner  side  of  the  tarso-metatarsal 
bone. 

Peroneus  mediuSy  Cuv.,  Accessorius  flexoris  digitorum^  Vicq. 
d'Azyr.®  This  strong  penniform  muscle  arises  fleshy  from  nearly 
the  whole  of  the  outer  surface  of  the  fibula,  also  from  the  posterior 
part  of  the  tibia  and  the  interosseous  space ;  the  tendon  of  the 
biceps  perforates  its  upper  part  in  passing  to  its  insertion.     It 

'  xr.  vol.  iii.  pis.  32,  35,  8.  ■  This  is  ossified  in  most  Birds.        •  lb.  pi.  35,  9. 

*  lb.  pi.  35,  10.  *  lb.  pi.  35,  1 1.  •  lb.  pis.  32,  35,  12. 
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ends  in  a  strong  flat  tendon  at  the  lower  third  of  the  leg,  which 
tendon  runs  through  a  particular  sheath  at  the  back  part  of  the 
tarsal  pulley,  becomes  thickened  and  expanded  as  it  advances 
forwards  beneath  the  tarsus,  joins  the  tendon  of  the  flexor  perfo* 
ratus^  and  forms  with  it  the  expansion  which  finally  divides  into 
three  strong  perforating  tendons,  which  bend  the  last  joints  of  the 
three  long  toes. 

In  the  outer,  or  fourth  toe,  both  the  perforans  and  perforatus 
tendons  are  confined  by  a  double  annular  ligament ;  the  exterior 
one  being  continued  from  the  adjoining  toe,  the  inner  and  stronger 
one  from  the  sides  of  the  proximal  phalanx  of  the  outer  toe.  The 
second  and  third  toes  have  two  perforated  tendons  ;  one  inserted 
into  the  sides  of  the  first,  and  the  other  into  the  sides  of  the  second 
phalanx. 

The  chief  modification  of  the  skeleton  of  the  hind  limb  of  Birds, 
in  respect  of  size  and  proportion,  is  manifested  in  its  central 
segment;  the  ossa  innominata  being  anomalously  expanded  in 
order  to  include,  as  it  were,  in  their  grasp  the  whole  of  the  very 
long  sacrum  required  for  the  support  of  the  horizontal  trunk 
upon  a  single  pair  of  extremities.  The  principal  modification  of 
the  muscles  of  the  leg  attached  to  the  ossa  innominata  might 
be  expected,  therefore,  to  be  found  in  their  origins.  In  the  at- 
tachment of  the  fibres  of  a  superficial  muscle  to  the  aponeurosis, 
continued  from  the  outer  part  of  the  thigh,  over  the  knee-joint,  to 
the  head  of  the  tibia,  we  recognise  the  corresponding  insertion  of 
the  tensor  vagincB  femoris  of  Man  and  Mammals ;  and  no  Com- 
parative Anatomist  appears  to  have  thought  the  anomalous  de- 
velopement  and  extensive  origin  of  this  muscle,  in  Birds,  to  be 
any  objection  to  the  homology  indicated  by  its  insertion,  which  is 
the  attachment  that  mainly  governs  the  function  of  a  muscle. 
Now  besides  the  attachment  to  the  femoral  fascia,  we  find  this 
broad  superficial  muscle,  and  especially  its  middle  and  posterior 
fibres,  terminating  in  a  strong  tendon,  implanted  into  the  upper 
part  of  the  patella,  and  receiving  fibres  from  the  crurcsus  and  vasti 
muscles  which  it  immediately  covers,  and  with  which  it  concurs  in 
constituting  a  quadriceps  extensor  of  the  leg.  Here,  therefore, 
we  perceive  the  normal  insertion,  the  normal  function,  and  the 
true  relative  position  of  the  rectus  femoris.  In  calling  this 
complex  muscle  *  abductor  magnusy  it  is  to  be  understood  as 
including  the  homologues  of  the  tensor  vagince  femoris  and  rectus 
femoris  in  Mammals. 

§  135.  Muscles  of  the  Skin. — In  the  Apteryx  the  cutaneous 
system  of  muscles  presents  a  distinct  and  extensive  developement 
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and  eighth  ribs.  The  fibres  pass  forward  and  join  those  of  the 
preceding  muscle,  to  be  inserted  into  the  scapular  integument. 

Tlie  three  preceding  muscles  are  broad  and  thin,  but  well- 
defined;  they  would  appear  to  influence  the  movements  of  the 
rudimentary  spur-armed  wing  through  the  mediiun  of  the  integu- 
ment, as  powerfully  as  do  the  rudimental  representatives  of  the 
true  muscles  of  that  extremity. 

There  are  also  two  muscles  belonging  to  the  cutaneous  series, 
and  inserted  directly  into  the  bones  of  the  wing.  One  of  these, 
the  dermo-ulnarisy  is  a  small,  slender,  elongated  muscle,  which 
takes  its  origin  from  the  fascia  beneath  the  dermo-costalis ;  its 
fibres  pass  backward,  and  converge  to  terminate  in  a  very  slender 
tendon  which  expands  into  a  fascia,  covering  the  back  part  of  the 
elbow-joint.     It  extends  the  elbow-joint  and  raises  the  wing. 

The  dermo-humeralis  is  also  a  long  and  narrow  strip,  deriving 
its  origin  from  scattered  tendinous  threads  in  the  subcutaneous 
cellular  tissue  of  the  abdomen :  it  passes  upward,  outward  and 
forward,  and  is  inserted  fleshy  into  the  proximal  part  of  the 
humerus,  which  it  serves  to  depress. 

The  cutaneous  muscles  which  spread  the  plumes  of  the  peacock 
and  raise  the  hackles  of  the  cock  are  unusually  developed  in  these 
birds. 

§  136.  Locomotion  of  Birds. — Upon  land,  the  trunk  is  ba- 
lanced horizontally  on  an  axis  traversing  the  acetabula  perpen- 
dicularly to  the  plane  of  the  medial  section.  The  centre  of 
gravity  is  brought  within  the  base  of  support  by  the  advanced 
position  of  the  thigh-joints  in  the  pelvis,  and  by  the  transference 
of  the  weight  from  the  femoral  heads  by  the  shafts  inclining  for- 
ward to  the  heads  of  the  tibiae.  The  area  of  the  base  of  support 
is  adjusted  to  the  same  end  by  the  anterior  extension  and  diver- 
gence of  the  three  longest  toes.  On  this  base  the  stilt-like  leg 
of  the  crane,  rising  like  a  straight  slender  column  to  the  capital 
formed  by  the  head  of  the  tibia,  is  capable,  by  an  outward  as 
well  as  backward  course  of  the  femur  to  its  joint-cup,  of  sus- 
taining the  body  singly :  the  neck  of  the  bird  being  so  bent,  and 
the  head  so  disposed,  as  to  throw  the  centre  of  gravity  over  the 
vertical  line  passing  through  the  base  of  support  Thus  sleep 
the  GrallcB  and  allied  Palmipeds  (Flamingos,  Anserines),  adjusting 
by  reflex  action  the  superincumbent  weight  as  they  may  be 
swayed  by  the  wind  on  the  long  and  taper  pedestaL  In  standing 
on  two  feet,  the  tibia  and  metatarse  are  usually,  in  Birds,  bent  at 
an  open  angle. 

Progression  on  land  is  effected  in  most  Birds  by  alternate  ad- 
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vancement  of  the  right  and  left  leg ;  the  body  is  supported  and 
pushed  forward  by  one  as  the  other  leg  is  raised  and  swung 
forward  to  the  step  in  advance ;  the  centre  of  gravity  oscillating 
laterally,  in  a  degree  corresponding  with  the  breadth  of  the  pelvis 
and  shortness  of  the  legs,  and  which  is  such  as  to  cause  the  ^  waddle* 
of  the  Duck.  The  forces  acting  on  the  centre  of  gravity  are 
preserved  in  equilibrio,  during  the  walk,  by  movements  of  the 
neck  and  head,  conspicuous  in  poultry ;  and,  in  Rails  and  Coots, 
also  by  movements  of  the  tail.  Most  Cantores  advance  both  legs 
at  once,  and  progress  by  leaps  or  hops,  the  joints  being  first 
flexed  and  the  body  propelled  by  their  sudden  extension.  In 
Volitores  the  legs  merely  support  or  suspend  the  body,  and  loco- 
motion is  wholly  performed  by  the  wings.  Some  birds  derive 
assistance  in  rapid  terrestrial  progression  by  the  flapping  of  the 
wings,  and  this  is  especially  the  case  with  the  Ostrich,  which 
runs  by  the  alternate  advancement  of  its  legs. 

The  act  of  climbing  is  performed  by  means  of  a  peculiar  dis- 
position of  the  toes,  the  fourth  usually  being  bent  back  like  the 
first ;  but  sometimes,  as  in  Trogons,  the  first  and  second  toe  are 
opposed  to  the  third  and  fourth.  The  grasp  of  such  *  scansorial ' 
foot  may  be  aided  by  prehension  with  the  beak,  as  in  the  Mac- 
caws  and  Parrots ;  or  by  the  prop  formed  by  the  stiff  tail-feathers, 
as  in  the  Woodpeckers. 

Birds  float  by  the  specific  levity  of  their  body,  arising  from 
the  extension  of  the  air-cells  and  the  lightness  of  the  plumage ; 
but  to  swim  requires  an  expanse  of  sole,  either  by  marginal 
membranes  of  the  toes  (Water-rails,  Coots),  or  by  the  extension 
of  webs  between  and  uniting  the  toes.  In  such  true  swinuners 
the  under  side  of  the  trunk  is  boat-shaped,  the  down  is  thick  and 
covered  by  closely  imbricated  well-oiled  feathers,  the  bulk  of  the 
bird  being  enlarged  and  its  specific  gravity  diminished  by  the 
air  intercepted  in  the  plumage.  Much  of  the  body  is  thus  sus- 
tained above  the  water  by  hydrostatic  pressure,  and  muscular 
action  is  needed  solely  for  the  horizontal  movements.  The  broad 
oars,  acting  at  the  end  of  a  long  lever,  strike  the  water  backward 
with  great  force,  the  webs  being  fully  expanded ;  but  they 
collapse,  the  toes  coming  together,  in  the  forward  movement,  and 
in  some  of  the  best  swimmers  {Columbus  e.  g.)  the  metatarsal  is 
compressed  to  further  diminish  the  resistance  in  preparing  for  the 
next  effective  stroke.  The  oar-like  action  of  the  hinder  legs  is 
still  further  favoured  by  their  backward  position  in  Natatores; 
and  by  the  metatarse  and  toes  being  placed  almost  on  the  same 
perpendicular  line  with  the  tibia,  an  arrangement,  however,  which 
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is  unfavourable  for  walking.  Swans  partially  expand  their  wings 
to  the  wind  while  swimming,  and  thus  move  along  the  water  by 
means  of  sails  as  well  as  oars.  The  act  of  diving  is  performed 
by  the  feet  striking  the  water  backward  and  upward,  assisted  by 
the  compression  of  the  air-cells :  the  habitual  divers  (Penguins, 
Awks)  move  in  and  through  the  water  by  the  rapid  and  forcible 
action  of  wings,  shortened  and  shaped  like  paddles,  and  beating 
the  water  as  in  flight. 

Flighty  the  chief  and  characteristic  mode  of  locomotion  in  birds, 
results  principally  from  the  construction  and  form  of  the  anterior 
extremities.  The  form  of  the  body  has  reference  thereto,  the 
trunk  being  an  oval  with  the  large  end  forward :  being  also  short 
and  inflexible,  the  muscles  act  with  advantage,  and  the  centre  of 
gravity  is  more  easily  changed  from  above  the  feet  as  in  the 
stationary  position,  to  between  the  wings  as  during  flight.  The 
long  and  flexible  neck  compensates  for  the  rigidity  of  the  trunk, 
and  alters  the  poise  according  to  the  required  mode  of  progression, 
by  simply  projecting  the  head  forward,  or  drawing  it  back.  The 
head  of  the  bird  is  generally  small,  and  the  beak  pointed,  which 
is  a  commodious  form  for  dividing  the  air.  The  position  of  the 
great  pectoral  muscles  tends  to  keep  the  centre  of  gravity  at  the 
inferior  part  of  the  trunk.  The  power  which  birds  enjoy  of 
raising  and  supporting  themselves  in  the  air  is  aided  by  the 
lightness  of  the  body.  The  large  and  usually  air-filled  cavities 
in  the  bones  diminish  their  weight  without  taking  away  from  their 
strength, — a  hollow  cylinder  being  stronger  than  a  solid  one  of 
the  same  weight  and  length.  But  the  specific  levity  principally 
depends  on  the  great  air-cells  which  occupy  almost  every  part  of 
the  body.  The  air  which  birds  inspire  distends  these  cells,  and  is 
rarificd  by  the  heat  of  the  body.  Lastly,  the  feathers,  and  espe- 
cially the  quills,  from  their  lightness  and  elastic  firmness,  contri- 
bute powerfully  to  the  act  of  flying  by  the  great  extent  which 
they  give  to  the  wings,  the  breadth  of  which  is  further  increased 
by  the  expanded  integument  situated  in  the  bend  of  the  arm  and 
in  the  axilla. 

When  a  bird  commences  its  flight  it  springs  into  the  air,  either 
leaping  from  the  ground,  or  precipitating  itself  from  some  elevated 
point.  During  this  action  it  raises  the  humerus,  and  therewith  the 
entire  wing,  as  yet  unfolded  ;  it  next  spreads  the  wings  horizon- 
tally by  an  extension  or  abduction  of  the  fore-arm  and  hand :  the 
greatest  extent  of  surface  of  the  wing  being  acquired,  it  is 
rapidly  and  forcibly  depressed :  the  resistance  of  the  air  thus  sud- 
denly struck  occasions  a  reaction  on  the  body  of  the  bird,  which  is 
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thereby  raised  in  the  same  manner  as  in  leaping  from  the  ground. 
The  impulse  being  once  given,  the  bird  folds  the  wings  by  bending 
the  different  joints,  and  raises  them  preparatory  to  another  stroke. 

Velocity  of  flight  depends  upon  the  rapidity  with  which  the 
wing-strokes  succeed  each  other;  and  the  ratio  of  the  resist- 
ance of  the  air  is  not  as  the  velocity  simply,  but  as  the  square 
of  the  velocity.  A  downward  stroke  would  only  tend  to  raise 
the  bird  in  the  air ;  to  carry  it  forward  the  wings  require  to  be 
moved  in  an  oblique  plane,  so  as  to  strike  backward  as  well  as 
downward.  The  turning  in  flight  to  the  right  or  to  the  left  is 
principally  effected  by  an  inequality  in  the  vibrations  of  the  wings. 
To  wheel  to  the  right  the  left 
wing  must  be  plied  with  greater 
frequency  or  force,  and  vice  versd. 

The  outspread  tail  contributes 
to  sustain  the  posterior  part  of 
the  body ;  and,  its  plane  being 
horizontal,  serves  chiefly  by  its 
movements  to  lift  or  lower  the 
head.  If  a  bird,  flying  in  the 
direction  of  its  axis,  cr,  f,  fior.  36,  .  .     ....... 

^  :f'J^      by  AcUon  of  Ull  In  flight,   oxxxi. 

brings  the  tail  mto  the  position 

b  h,  parallel  to  o  n,  the  resistance  of  the  air  will  depress  b  toward 
A,  and,  causing  the  bird  to  rotate  on  its  centre  of  gravity  c,  will 
raise  the  head  from  a  towards  /.  If  the  tail  be  moved  into  the 
position  b  i,  parallel  to  /  A,  the  resistance  of  the  air  will  raise  the 
ix)int  b  toward  n  and  depress  the  head  toward  o.  By  partially 
folding  the  fan,  or  bending  the  tail  to  one  side,  it  may  be  made 
to  act  like  a  rudder  in  the  manifold  modifications  of  the  course  of 
flight  In  Waders  and  Anserines  the  tail,  represented  by  the 
caudal  quill  feathers,  is  very  short,  and  the  oflSce  of  the  rudder  is 
transferred  to  the  legs,  which  are  extended  backward  in  flight, 
and  counterbalance  the  long  outstretched  neck  and  head. 

In  descending  from  a  great  height  birds  usually  incline  the 
axis  of  the  body  obliquely  downward,  as  in  fig.  l,the  resistance 
of  the  air  in  a  vertical  direction  upward  equilibrating  the  force 
of  gravity  acting  upon  the  body  vertically  downward,  so  that  the 
motion  of  the  bird  becomes  uniform  without  requiring  any  move- 
ment of  the  wings.  ^  Another  mode  of  descent  is  performed  with 
greater  celerity  by  elevating  the  wings  at  an  angle  of  nearly  45** 
above  the  plane  of  the  horizon,  as  in  fig.  37,  by  which  the  resist- 
ance of  the  air,  compared  with  the  resistance  to  the  wing  when 
horizontal,  is  diminished  in  the  ratio  of  the  radius  to  the  cube  of 
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the  sine  of  inclination,  that  is,  as  a  ^  to  d  c ;  consequently,  a 
bird  with  its  wings  elevated  at  any  angle  to  the  horizontal  plane 
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will  descend  with  greater  velocity  than  when  they  are  in  the 
direction  of  a  h.  Pigeons  elevate  their  wings  in  this  manner 
until  they  arrive  \\dthin  a  foot  or  two  of  the  ground,  when,  to 
prevent  the  shock  they  would  otherwise  receive,  owing  to  the 
velocity  acquired  during  their  descent,  they  suddenly  turn  their 
axis  perpendicular,  which  had  previously  been  parallel,  to  the 
direction  of  their  motion,  and  by  a  few  rapid  strokes  of  the  wing 
neutralise  their  momentum,  and  thus  reach  the  ground  with  ease 
and  safety.'* 

The  manner  of  flight  varies  in  different  birds :  some  dart  for- 
ward by  jerks,  closing  their  wings  every  three  or  four  strokes ; 
the  Woodpeckers  and  Wagtails  show  this  kind  of  undulatory 
motion  :  most  birds  have  an  even  continuous  flight :  the  Kite  and 
Albatross  sometimes  buoy  themselves  in  the  air  without  any  per- 
ceptible motion  of  the  wings.  The  best  flyers  often  economise 
their  forces  by  availing  themselves  of  the  impetus  of  a  few  rapid 
strokes  to  scud  along  with  the  wings  expanded,  imtil  the  interval 
of  rest  requires  to  be  broken  by  a  fresh  effort, — a  phase  of  flight 
beautifully  defined  by  an  old  observer  of  nature : — 

Mox  aere  lapsa  quieto 
Radit  iter  liqaidum,  celercs  neque  commovet  alas. — Virgil. 

'  cciv.  p.  428.  The  principal  data  requisite  for  estimating  bj  dynamics  tho 
amoant  of  the  force  employed  by  birds  during  flight  are  briefly  stated  by  Mr.  Bishop 
to  be  : — ^*  1st,  the  area  of  the  horizontal  section  of  the  body  of  the  bird  :  2nd,  the  area 
of  the  wings  whilst  they  are  lowered :  3rd,  the  area  of  the  wings  whilst  they  are 
raised:  4th,  the  velocity  with  which  the  bird  is  driven  through  the  air:  5th,  the  velo- 
city with  which  the  wings  are  lowered  :  6th,  the  velocity  with  which  the  wings  are 
raised:  7th,  the  respective  durations  of  the  elevation  and  depression  of  the  wings: 
8tb,  the  weight  of  the  whole  bird :  9th,  the  weight  of  an  equal  volume  of  air :  10th, 
the  resistance  of  the  air  due  to  the  figure  and  velocity  of  the  bird:  11th,  the  ratio  of 
the  resistance  which  the  air  opposes  to  the  wings  during  their  elevation  and  depres- 
sion: 12tb,  the  ratio  of  the  resistance  of  the  air  to  the  tune  of  an  elevation  of  the 
wings  and  to  that  of  a  depression.'    lb.  p.  425. 


117 


CHAPTER  XVI. 

NERVOUS   SYSTEM   OF   AVES. 

§  137.  Myelencephalon  of  Birds. — The  myelon,  with  its  nerves, 
having  led  to  the  developement  of  protecting  arches  in  the  em- 
bryo, soon  ceases  to  be  coextensive  with  the  neural  canal,  shrink- 
ing from  the  hind  part  of  it,  as  the  caudal  vertebrae  begin  to  be 
modified,  and  leaving  there  but  a  filamentary  trace  of  its  original 
condition :  the  neurine  accumulates  in  the  sacral  region,  fig.  38,  s, 
as  the  pelvic  members  grow,  and  the  central  canal  there  expands, 
ib.  t  The  myelon  becomes  more  slender  in  the  dorsal  region, 
and  again  expands  near  the  base  of  the  neck,  in  connection  with 
the  nerves  of  the  wings,  ib.  u,  v,  tv;  then,  resuming  its  dorsal 
dimension,  it  is  continued  to  the  brain,  ib.  a-e.  The  expansions, 
or  at  least  the  pelvic  one,  present  a  full  transverse  ellipse  in  sec- 
tion, the  rest  of  the  chord  is  cylindrical ;  it  consists  of  white 
neurine  with  grey  matter  internally  originating  nerve-roots,  and 
lining  a  subcentral  canal. 

The  myelon  is  divisible  into  ventral  and  dorsal  tracts  accord- 
ing to  their  relative  position  to  the  transverse  plane  of  the  canal ; 
the  ventral  tract  is  actually  divided  by  a  longitudinal  fissure  into 
symmetrical  halves  or  ^columns,'  the  fissure  extending  from  the 
exterior  nearly  to  the  canal  from  which  it  is  separated  by  a  very 
thin  commissural  tract  uniting  the  ventral  columns.  The  dorsal 
ones  diverge  from  each  other  in  the  sacrum,  forming  the  cavity 
above  mentioned,  called  in  Ornithotomy  ^  sinus  rhomboidalis,' 
fig.  38,  Sy  ty  which  is  a  *  ventricular '  dilatation  of  the  myelonal 
canal.  The  longitudinal  fissure  thence  continued  between  the 
dorsal  columns  becomes  less  conspicuous  than  the  ventral  fissure, 
and  appears  to  be  obliterated  in  the  neck :  but  the  dorsal  co- 
lumns diverge  in  the  medulla  oblongata,  as  in  the  sacrum,  and 
again  expose  the  myelonal  canal,  which  is  here  called  *  fourth 
ventricle,'  ib.  d. 

The  two  expansions  of  the  bird's  myelon  vary  in  relative  size 
according  to  the  different  developement  and  powers  of  the  wings 
and  legs :  the  anterior  or  alar  enlargement  is  greatest  in  Volito- 
resy  especially  the  Swifts  and  Humming-Birds :  the  posterior  or 
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pelvic  one  is  greatest  in  most  other  birds, 
and  especially  in  the  Cursores,  The  alar 
enlargement  is  due  to  an  accession  of 
white  and  grey  substance,  without  dila- 
tation of  the  myelonal  canal. 

In  the  brain  of  a  chick  at  the  eighth 
day  of  incubation,  fig.  39,  the  *  fourth 
ventricle'   is  exposed  by  divergence    of 
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the  dorsal  myelonal  columns  which  now 
have  the  name  of  *  posterior  pyramids :' 
the  plate  of  neurine  developed  from  them 
to  bridge  over  the  ventricle  shows  the 
same  incipient  state  of  the  cerebellum,  ib. 
&,  as  in  the  Batrachia :  it  next  expands 
at  the  middle  and  represents  the  condi- 
tion of  the  cerebellum  in  the  Lizard,  fig. 
40 :  continuing  to  grow,  the  cerebellum, 
fig.  41,  c,  covers,  at  the  sixteenth  day  of 
incubation,  the  fourth  ventricle,  and  has  a 
smooth  exterior,  as  in  the  Crocodile  and 
Turtle  (vol.  L  fig.  191).     Towards  the 
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brum,  ib.  a,  and  seams  mechanically  to  push  aside  the  optic  lobes, 
b ;  the  multiplied  grey  matter  of  its  superficies  is  disposed  in 
transverse  folds :  small  beginnings  of  lateral  lobes  are  present  in 
many  birds.  The  white  neurine,  fig,  45,  y,  continues  to  accumulate 
beneath  the  grey,  ib,  rf,  and  reduces  the  cavity  of  the  originally 
vesicular  cerebellum  to  a  fissure,  ib,  n,  which  retains  its  primitive 
connection  with  the  fourth  ventricle,  the  floor  of  which  shows  the 
longitudinal  groove  called  ^calamus  scriptorius.'  The  medulla 
oblongata  ej^pands,  but  its  ventral  surface,  fig.  44,  J,  is  not  sculp- 
tured so  as  to  permit  *  anterior  pyramids,'  *  olivary  bodies,'  a  *  tra- 
pezium,' or  a  '  tuber  annulare,'  to  be  defined. 

The  optic  lobes  in  the  embryo,  fig.  39,  a,  are  smooth  vesicles  of 
white  neurine,  in  contact  with  each  other,  as  in  Reptilia :  they  are 
at  first  oblong,  as  in  Batrachia  ;  next  acquire  a  spheroid  figure, 
as  in  Lizards,  fig.  40,  by  and  then  assume  their  ornithic  character 
by  diverging  laterally  toward  the  lower  plane  of  the  brain,  figs.  42, 
44,  ^ :  they  maintain  their  smooth  exterior,  and  their  ventricle 
much  reduced  in  capacity  by  internal  growth  of  neurine. 

The  crura  cerebri  show  their  first  superadditions,  forming  the 
optic  thalami,  in  the  eight-days  embryo,  between  a  and  c,  fig.  39, 
before  expanding  into  the  '  hemispheres,'  ib.  c.  These  progres- 
sively increase  in  size  until  they  acquire  the  relative  dimensions 
and  position  shown  in  fig.  43,  a. 

They  are  usually  of  a  cordiform  shape  with  the  apex  directed 
forward :  in  the  Parrot  tribe  they  present  a  more  elongate,  de- 
pressed  oval   figure:    they  are  devoid  of  convolutions;   but  a 
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shallow  longitudinal  depression  marks  off,  in  some  birds,  a  median 
from  a  lateral  tract  of  the  upper  surface  of  the  hemisphere :  in 
most  this  surface  is  uniformly  convex.  The  hemispheres  present 
an  undulate  surface  below ;  the  medial  parts  being  in  some  birds 
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produced,  so  as  to  cause  a  concavity  transversely  between  them 
and  the   lateral   borders,   as   shown  in  fig.  44.     On   the  lower 
part  of  the  side  of  each  hemisphere  there  is  a  depression  which 
corresponds  to  the  '  fissura  magna  Sylvii,'  and  affords  the  sole 
indication  of  a  division  into  lobes.     The  hemispheres   are  con- 
nected together  by  means  of  the  round  commissure,  fig.  45,  k. 
The  mesial  surfaces  of  the  hemispheres,  which  are  in  contact 
with  each  other,  present  striae  which  diverge 
from  the   commissure.      These  surfaces    are 
composed  of  an  extremely  thin  layer  of  medul- 
lary substance,  fig.  45,  /,  y,  forming  the  in- 
ternal parietes  of  the  ventricle,  and  extended 
outwardly  over   the   corpus   striatum,  ib.  L 
Like  its  homologue  in  Reptilia  and  the  mam- 
malian embryo,  it  does  not  present  the  alter- 
nate stria5  of  grey  and  white  matter,  which 
suggested  its  name  in  Anthropotomy.      This 
cerebral  ganglion  is  of  great  relative  size  in  Birds,  constituting  of 
itself  almost  the  entire  substance  of  the  hemisphere,  projecting 
into  the  ventricle,  ib.  A,  not  only  from  below,  but  from  the  ante- 
rior and  outer  sides  of  the  cavity, 
and    being   covered  by   a   smooth 
layer  or  fold  of  medullary  matter, 
/,  which  increases  in  thickness  an- 
teriorly.     The  ventricle  does  not 
extend  below  the  corpus  striatum 
to    form    an    *  inferior    horn,'   or 
*  cornu   ammonis.'*      A  fold  of  pia 
mater   enters   the   bottom    of   the 
cerebral  ventricle  and  lies  free  in 
the  cavity:    it  is  highly  vascular, 
and  developes  tufts  containing  plexi- 
form  loops  of  capillaries  defended 
by  epithelium,  the  cells  of  which  are 
shown  at  the  margin  of  the  villi  magnified  in  fig.  46.     The  vessel 
forming  the  plexus  choroides  penetrates  the  ventricle  beneath  the 
posterior  part  of  the  thin  internal  wall,  and  the  lateral  ventricles 
communicate  together  there,  and  with  the  third  ventricle.     They 
are  continued  anteriorly  to  the  root  of  the  olfactory  nerve,  which 
is  itself  a  continuation  of  the  apex  of  the  hemisphere. 

Just  above  the  orifice  of  communication  there  is  a  smooth 
flattened  projection,  rounded  externally,  which  advances  into  the 
ventricle  from  the  internal  wall ;  this  represents  a  beginning  of 
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the  fornix.     The  round  anterior  commissure,  A,  is  prolonged  on 
either  side  into  the  substance  of  the  hemispheres. 

The  optic  thalami,  ib.  /,  are  of  small  size,  and  not  united  by  a 
soft  commissure :  between  them  is  the  cavity  called  the  third  ven- 
tricle, ib.  m ;  and  above  and  behind  they  give  off  the  peduncles 
of  the  pineal  gland.  This  body  does  not  hang  freely  suspended 
by  the  pedicles,  but  seems  to  form  a  rounded  and  thickened 
anterior  border  of  the  valvula  Vieussenii  or  lamelliform  commis- 
sure of  the  optic  lobes.  It  adheres  firmly  to  the  confluence  of 
the  great  veins  situated  at  the  anterior  orifice  of  the  aqueduct  of 
Sylvius  :  it  is  usually  of  a  conical  or  pyriform  shape.  The  valve 
which  closes  the  upper  part  of  the  passage  from  the  third  to  the 
fourth  ventricle,  is  a  thin  lamella  of  great  width,  in  consequence 
of  the  distance  at  which  the  optic  lobes  are  separated  from  one 
another.  Anteriorly  the  third  ventricle  communicates  with  the 
infundibulum,  which  terminates  in  a  large  hypophysis. 

Besides  the  cavities  or  ventricles  above  mentioned,  there  are 
also  two  others  situated  in  the  optic  lobes,  fig.  45,  o,  or  bigeminal 
bodies,  each  of  which,  when  laid  open,  is  seen  to  be  occupied  by  a 
convex  body,  ib.  /?,  projecting  from  the  posterior  and  internal 
side  of  the  lobe  ;  these  ventricles  communicate  with  the  others  in 
the  aqueduct  of  Sylvius. 

The  brain  of  the  Bird  differs  from  that  of  the  Reptile  in  tha 
superior  size  of  the  cerebrum  and  cerebellum,  together  with  the 
folding  of  the  latter,  which  relates  probably  to  the  higher  locomo- 
tive powers  of  the  Bird  :  it  differs  from  the  brain  of  the  Mammal 
in  the  absence  or  small  beginning  of  the  fornix,  and  of  the  lateral 
lobes  of  the  cerebellum  :  it  differs  from  the  brain  of  every  other 
class  in  the  lateral  and  inferior  position  of  the  optic  lobes.  In  a 
pigeon  weighing  eight  ounces  with  and  seven  ounces  without  the 
feathers,  or  3360  grains,  the  myelencephalon  weighs  48  grains, 
the  weight  of  the  myelon  being  1 1  grains,  and  that  of  the  brain 
37  grains.  The  proportion  of  the  weight  of  the  brain  to  the 
body  is  much  greater  in  the  Humming-Bird  :  whilst  in  the  huge 
Dinornisy  the  brain  does  not  exceed  two  inches  and  a  half  in 
length,  and  two  inches  in  width.  It  thus  presents  a  limited  range 
of  size,  and  much  sameness  of  form  and  structure  in  the  different 
orders  of  the  class  of  Birds. 

§  138.  Nerves  of  Birds, — The  olfactory  or  first  pair,  usually 
of  a  simple  rounded  form,  proceed  from  the  small  pyriform 
rhinencephalon,  fig.  44,  r,  continued  from  the  apex  of  the  hemi- 
sphere, and  usually  somewhat  deflected.  The  nerve  runs  along 
an  osseous  canal,  accompanied  by  a  venous   trunk   above   the 
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orbits,  as  far  as  the  pituitary  membrane  of  the  ethmoturbinals, 
upon  which  its  filaments  are  distributed  in  a  radiated  manner. 
In  Apteryx  and  Dinornis,  the  rhinencephalon  is  of  large  relative 
size,  and  sends  off  the  olfactory  nerves  by  many  filaments  through 
a  *  cribriform  plate.' 

The  optic  nerves,  fig.  44,  a,  are  in  general  of  remarkable  size; 
they  arise  from  the  whole  of  the  outer  surface  of  the  optic  lobes, 
and  from  the  thalami,  the  two  origins  forming  by  their  union 
the  *  radix  opticus,'  fig.  47, «?,  which  expands  into  the  *  chiasma.' 
Here  a  partial  decussation,  ib.  A,  takes  place.  By  removal  of  the 
firmly  adherent  neurilemma,  the  optic  nerve  is  seen  to  be  com- 
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posed  of  parallel,  longitudinal  lamellaB,  the  margins  of  which  are 
most  free  on  one  side,  fig.  48,  i. 

The  thirdy  or  oculomotorial  nerve,  arises  behind  the  hypophygis 
from  the  grey  matter  that  lies  here  between  the  crura  cerebri : 
it  escapes,  usually,  by  a  distinct  hole,  fig.  56 y  3,  near  the  foramen 
opticum,  and  supplies  the  superior,  inferior,  and  internal  muBCuli 
recti,  and  the  obliquus  inferior :  it  also  sends  off  a  ciliary  branch, 
which  sometimes  forms  a  ganglion  before,  sometimes  after,  joining 
the  ramus  ciliaris  trigemini. 

The  fourth  nerve  arises  from  the  posterior  flattened  band, 
extending  over  the  *  valvula  Vieussenii '  between  the  back  part  of 
the  optic  lobes :  its  course,  immediately  above  the  superorbital 
branch  of  the  fifth  pair,  is  shown  at  fig.  56,  4*,  as  far  as  its  termi- 
nation in  the  superior  oblique  muscle,  ib.  f,  to  which  it  is,  as  in 
other  Vertebrates,  exclusively  distributed. 

The^fth  or  trigeminal  nerve,  fig.  49,  5,  6,  7,  has  two  origins ; 
the  *  portio  major,'  from  the  fore  part  of  the  base  of  the  cms 
cerebelli,  the  *  portio  minor,'  from  the  prepyramidal  tract  in  ad- 
vance of  the  foregoing,  which  it  joins  after  the  reddish  gan- 
glionic swelling,  fig.  49,  3,  has  been  formed.  The  two  origins  are 
less  distinct  than  in  Mammals ;  but  the  larger  one  is  more  readily 
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traceable,  towards  the  myelon,  from  not  being  crossed  by  a  ^  tra- 
pezium.' 

The  first  or  ophthalmic  division,  fig.  49,  5,  passes  out  of  the 
cranium  by  a  canal  situated  externally  to  the  optic  foramen.  It 
is  of  lai^e  size,  and  describes  in  its  passage  through  the  orbit  a 
curve  corresponding  to  the  roof  of  that  cavity  ;  it  generally  pene- 
trates the  substance  of  the  facial  bones,  fig.  56,  5*,  above  the 
nasal  fossa,  ib.  m.  It  divides  into  three  branches ;  the  Jirst  or 
superior  is  the  smallest  and  is  lost  upon  the  pituitary  membrane ; 
the  second  branch  is  the  largest  of  the  three  and  the  longest ; 
it  is  received  into  an  osseous  canal,  and  terminates  at  the  ex- 
tremity of  the  beak  in  a  great  number  of  divisions ;  the  third 
branch  of  the  ophthalmic  nerve  is  entirely 
distributed  to  the  skin  which  covers  the 
circumference  of  the  external  nostrils. 

The  second  division,  fig.  49,  6,  or  supe^ 
rior  maxillary  nerve,  passes  out  of  the 
same  foramen  as  the  inferior  one,  ib.  7  : 
it  passes  forward  along  the  floor  of  the 
orbit,  and  in  this  part  of  its  course  gives 
off  two  filaments,  of  which  one  joins  the 
ramifications  of  the  ophthalmic  nerve, 
the  other  ascends,  penetrates  the  sub- 
stance of  the  pterygoid  muscles  and  the 
maxillary  bone,  to  be  lost  on  the  lateral 
parts  of  the  bill.  In  those  Birds,  as  the 
AnatidcB  and  other  Water-fowl,  where 
the  upper  mandible  is  notched  on  the  edge,  each  denticulation  re- 
ceives four  or  five  nervous  filaments,  and  the  nerve  is  propor- 
tionally of  large  size. 

The  inferior  maxillary  nerve  separates  from  the  superior,  and 
proceeds  obliquely  downward,  dispensing  branches  to  the  ptery- 
goid and  quadrangular  muscles  of  the  jaws ;  the  trunk  proceeds 
outward  to  the  lower  jaw,  where  it  divides  into  two  branches,  an 
internal  and  an  external.  The  internal,  which  is  a  continuation 
of  the  trunk,  penetrates  the  maxillary  canal,  and  is  continued  to 
the  anterior  end  of  that  mandible.  In  the  AnatidcB  it  gives  off 
nerves  to  the  dentations  along  the  edge  of  the  mandible.  The 
external  branch  recedes  from  the  internal,  perforates  the  jaw,  and 
is  distributed  on  its  external  surface  beneath  the  tegumentary  or 
homy  substance  which  sheaths  the  extremity  of  the  mandible. 
It  supplies  no  gustatory  branch  to  the  tongue,  which  is  an  organ 
of  prehension,  not  of  taste,  in  Birds.     The  non-ganglionic  part  of 
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the  third  division  of  the  fifth  is  traced  on  the  left  side  of  fig.  49, 7, 
passing  beneath  the  ganglion.  There  is  no  *  otic '  ganglion  in 
Birds. 

The  facial  nerve,  or  portio  dura,  arises  immediately  anterior  to 
the  acoustic  from  the  prepyramidal  tracts,  enters  the  petrosal  an- 
terior to  the  acoustic,  quits  it  to  pass  into  the  fallopian  canal, 
sends  off  the  *  chorda  tympani '  to  the  ramus  alveolaris  inferior  of 
the  trigeminal,  and  communicates  with  the  sympathetic ;  it  passes 
out  behind  the  tympanic  bone  (as  in  Mammals),  gives  branches 
to  the  digastric  and  stylohyoid  muscles,  and  combines  with  the 
glossopharyngeal,  vagus,  hypoglossal,  and  upper  cervical  nerves, 
to  form  the  plexus  supplying  the  anterior  part  of  the  constrictor 
colli  muscle. 

The  auditory  nerve,  or  portio  mollis,  is  large,  soft,  and  of  a 
reddish  colour ;  it  is  received  into  a  depression  on  the  petrosal, 
fig.  56,  7,  whence  it  penetrates  by  several  small  foramina  to  the 
labyrinth. 

The  roots  of  the  *  eighth '  nerve  penetrate  the  exoccipital  by 
two  or  three  foramina,  and  unite  on  their  emergence  to  form  the 
ganglion,  from  which  the  glossopharyngeal  and  the  pneumo- 
gastric  trunks  diverge.  The  glossopharyngeal  is  large ;  it  com- 
municates more  freely  with  the  sympathetic  than  does  the 
pneumogastric  in  the  neck ;  it  sends  off  a  small  internal  branch  in 
front  of  the  muscles  of  the  neck ;  a  small  posterior  twig  which 
unites  with  the  pneumogastric,  and  a  large  inferior  branch  to  the 
anterior  part  of  the  neck.  The  latter  is  a  continuation  of  the 
nerve  itself;  it  descends  along  the  oesophagus  and  divides  into 
two  principal  branches,  of  which  one  passes  to  the  cerato-max- 
illary  muscles,  and  this  branch  is  remarkably  tortuous  in  the 
Woodpecker,  in  order  to  be  accommodated  to  the  extensile  motions 
of  the  tongue ;  it  supplies  the  upper  larynx,  and  the  surface  of 
the  tongue,  as  far  as  the  tip.  The  other  branch  descends  along 
the  lateral  parietes  of  the  oesophagus,  and  sends  off  a  twig  to  join 
the  lingual  nerve.  The  termination  of  the  glossopharyngeiJ  is 
expended  upon  the  oesophagus. 

The  pneumogastric,  after  communicating  with  the  glossopha- 
ryngeal, sympathetic  and  ninth  nerves,  passes  down  the  neck, 
along  with  the  jugular  vein,  and  closely  connected  with  the  spinid 
nerves.  The  right  trunk  crosses  the  arch  of  the  aorta,  and  sends 
off  the  recurrent  round  that  vessel,  the  left  trunk  reflects  its 
recurrent  near  the  origin  of  the  bronchi ;  the  recurrents  supply 
the  lower  larynx  and  part  of  the  trachea,  but  are  chiefly  spent 
upon  the  oesophagus.     The   trunks  of  the  two  pneumogastrics 
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converge  ventrad  of  the  oesophagus  and  unite  above  the  pre- 
ventriculus,  supplying  that  part,  the  gizzard,  and  ultimately  com- 
municating with  the  splanchnic  plexus  of  the  sympathetic.  In 
the  Eagle  the  pneumogastric  is  recruited  by  an  *  accessorius '  nerve 
arising  behind  the  third  cervical. 

The  hypoglossal  nerve  (9th  pair)  escapes  by  one  or  two  pre- 
condyloid  foramina.  It  is  very  slender  at  its  origin ;  passes  to  the 
front  of  the  nervus  vagus,  partly  uniting  with,  as  it  crosses  over, 
this  nerve,  and  in  that  situation  it  detaches  a  filament  to  the  hyo- 
laryngeal  and  long  tracheal  muscles.  The  trunk  of  the  hyo- 
glossal next  crosses  the  glossopharyngeal  nerve,  passing  forward 
to  supply  the  hyoglossal  and  lingual  muscles. 

The  spinal  nerves  arise  by  motory  (anterior  or  ventral)  and 
sensory  (posterior  or  dorsal)  roots  of  nearly  equal  size ;  but  the 
anterior  have  more  numerous  filaments.  The  ganglion  on  the 
posterior  root  is  proportionally  large.  In  the  sacral  region  of 
the  spine,  the  anterior  and  posterior  roots  escape  by  distinct  fora- 
mina, and  can  be  separately  divided  without  laying  open  the 
bony  canal,  but  they  are  deeply  seated  and  well  protected  by  the 
anchylosed  processes  of  the  sacrum  and  the  extended  iliac  bones. 

The  cervical  nerves  vary  with  the  number  of  the  vertebrae  from 
ten  to  twenty-three  :  each  nerve  divides ;  the  anterior  branch  sup- 
plying the  muscles  and  the  skin,  the  posterior  branch  the  muscles 
chiefly.  Those  of  the  lower  cervicals  form  a  plexus,  supplying 
the  scapular  muscles,  and  communicate  with  the  lowest  cervical 
nerve  going  to  the  brachial  plexus.  Only  the  last  two  or  three 
pairs,  fig.  38,  v!  vf\  of  cervical  nerves  concur  in  the  formation  of 
this  plexus,  which  is  completed  by  the  first  pair  or  two  of  dorsal 
nerves  v.  The  other  dorsal  nerves,  after  giving  filaments  to  the 
intercostals  and  diaphragmatic  muscles,  pass  to  the  skin  at  the 
sides  of  the  trunk. 

The  sacral  nerves  have  no  other  peculiarity  than  their  mode  of 
passing  out  of  the  spinal  canal :  they  form  exclusively  the  plexus 
analogous  to  the  lumbar  and  sacral,  fig.  38,  to.  The  terminal 
spinal  nerves  supply  the  muscles  and  skin  of  the  cloaca  and  tail. 

The  brachial  plexus^  formed  by  the  two  or  three  last  cervical 
and  one  or  two  first  dorsal  nerves,  soon  becomes  blended  into  a 
single  fasciculus  whence  all  the  nerves  of  the  wing  are  derived. 
The  internal  cutaneous  nerve  passes  from  the  axilla  along  the 
inner  and  back  part  of  the  humerus,  bends  round  the  inner 
(ulnar)  side  of  the  elbow  joint ;  it  supplies  the  skin.  The  next 
branch  distributes  filaments  to  the  muscles  22,  24,  fig.  35 ;  sends 
oflF  the  *  circumflex '  nerve  which  supplies  the  latissimus  dorsi. 


lis  ANATOMY   OF   VERTEBRATES. 

the  cervical  vertebrae  in  a  canal  with  the  vertebral  artery  *  re- 
sembling the  prolongation  in  the  imperfect  canal  in  the  Snake.' 
(Vol.  L  p.  310,  fig.  206,  3.)  *  Also  like  the  chord  sent  from  the 
first  thoracic  ganglion  and  placed  at  the  side  of  the  neck  in  the 
Turtle,  and  that  accompanying  the  vertebral  artery  in  Mam- 
malia.' *  The  sympathetic  adheres  to  the  anterior  trunk  of  each 
cervical  nerve  through  a  ganglion.'  *  Having  reached  the  thorax, 
the  ganglia  are  connected  with  those  of  the  dorsal  nerves, 
much  as  in  the  Turtle.  In  the  Swan  and  Pelican  a  large  nerve 
from  the  first  thoracic  ganglion  communicates  with  the  pulmonary 
branches  of  the  par  vagum.'  *  The  thoracic  trunk  of  the  sympar- 
thetic  is  generally  double  between  each  ganglion.  The  anterior 
ones  give  off  an  anterior  splanchnic  nerve  or  plexus  accom- 
panying the  cccliac  artery  to  the  gizzard  and  liver,  communicating 
with  the  pneumogastric ;  the  posterior  splanchnic  nerve  is  inti- 
mately combined  with  the  adrenal  body,  and 
a  with  the  testis  or  ovarium.  Intestinal  branches 

accompany  those  of  the  mesenteric  arteries ; 
other  branches  supply  the  kidneys,  and  com- 
municate with  long  branches  of  the  spinal 
nerves  destined  for  the  cloaca  and  adjoining 
parts,  and  thus  form  a  plexus  corresponding  in 
some  degree  with  that  in  Mammalia  produced 
by  the  junction  of  the  hypogastric  plexus  with 
branches  of  two  or  three  of  the  sacral  nerves. 
The  termination  of  the  sympathetic  is  formed 
by  a  ^  ganglion  impar '  near  the  end  of  the 
caudal  vertebra).  The  abdominal  ganglions 
,  .  in  small  birds  lend  themselves  favourably  to 

Sympathetic    ganRlIon      oi    *  •  /•      i  i»      i 

Greenoncb.  magnifled.  m  seen  thc  dcmonstration  of  thc  structurc  01  thcse 

under  the  conipreuor.  -,     .  .i      ^-  .  t 

centres  of  the  sympathetic  system,  becommg 
transparent  under  pressure,  and  permitting  the  nerve-vesicles  to 
be  well  distinguished  from  the  nerve-chords :  the  latter  only  are 
represented  in  fig.  50,  showing  the  finer  filaments,  c,  that  bend 
round  the  periphery  of  the  ganglion,  as  if  by  resolution  of  and 
divergence  from  the  main  chords  entering  at  a  and  emerging 
at  by  b. 

§  140.  Organ  of  Touch  in  Birds. — The  epithelial  papillae' 
sheathed  upon  vascular  ones  of  the  corium  *  on  the  sole  of  the 
toes  of  most  Birds  relate  to  mechanical  rather  than  to  sensational 

*  Liv.  p.  104.  '  xx\  vol.  iii.  p.  239,  preps,  nos.  1902-1906. 

■  lb.  props.  1400  (Eagle),  1401  (Ostrich). 
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ends,  giving  a  closer  grasp  of  the  perch  or  the  prey,  and  a  firmer 
tread  of  the  hard  ground.  The  digital  villi  are  unusually  long  in 
the  Capercailzie  {Tetrax  urogallus)  enabling  it  to  grasp  with 
more  security  the  frosted  branches  of  the  Norwegian  pine-trees. 
The  integument  of  the  toes  is  sparingly  supplied  with  nerves  in 
all  Birds ;  but  it  may  be  supposed  that  the  more  delicately 
papillose  slender  flexible  digits  of  the  smaller  nidificators  guide, 
by  sensations  analogous  to  touch,  in  the  complex  interweavings 
of  the  materials  of  such  beautiful  structures  as  the  pensile,  domed, 
and  otherwise  adaptively  perfected  nests  fabricated  by  the  Tailor- 
birds,  and  most  Cantores. 

Actions  indicative  of  tactile  exploration  have  hitherto  been 
observed  to  be  performed  by  the  bill,  exclusively,  in  Birds. 
Although  in  most  of  the  class  the  horny  sheath  of  the  bill  be 
hard,  sensitive  filaments  of  the  '  fifth'  nerve  (fig.  53,  c)  are  trace- 
able to  the  papillose  extensions  of  the  vascular  formative  surface 
into  such  sheath.  In  the  Lamellirostrals  the  substance  of  the 
sheath  is  softer  and  its  marginal  lamellae  are  more  abundantly 
supplied  by  the  *  fifth : '  from  the  tactile  and  selective  actions  of 
the  bill  in  those  Birds,  they  are  called  ^  Sifters.'  The  soft  and 
slightly  expanded  end  of  the  long  and  slender  bill  of  some  GrallcB 
(Woodcocks,  Snipes)  is  so  organised  for  touch,  that  it  is  used  as 
a  probe  in  soft  ground  to  detect  the  worms,  grubs,  and  slugs  that 
constitute  their  food. 

Peculiar  productions  of  integument,  devoid  of  feathers,  such  as 
the  ^  cere '  of  Birds  of  Prey,  the  *  wattles '  of  the  Cock,  and  of 
species  of  Philedon^  Glaucopis^  and  other  so-called  *  wattle  birds,' 
the  cephalic  caruncles  of  the  King  Vulture  and  Turkey,  &c.,  have 
been  loosely  cited  amongst  *  organs  of  touch.' 

§  141.  Organ  of  Taste. — The  gustatory  sense  is  very  imper- 
fectly enjoyed  in  Birds,  which,  having  no  manducatory  organs, 
swallow  the  food  almost  as  soon  as  seized.  The  tongue  is 
organised  chiefly  to  serve  as  a  prehensile  instrument,  and  its 
principal  modifications  will  be  treated  of  in  Chapter  XVII. 
It  is  generally  sheathed  at  the  anterior  part  with  horn,  and  is 
destitute  of  papillae  except  at  its  base,  fig.  51,  o,  near  the  aperture 
of  the  larynx,  i ;  these  papillas  are  not,  however,  supplied  by  a 
true  gustatory  nerve,  but  by  filaments  of  the  glossopharyngeal. 
No  branch  of  the  fifth  pair  goes  to  the  tongue ;  but  the  mem- 
brane of  the  palate  and  fauces  is  so  supplied  that  the  sapid 
qualities  of  food  may  be  there  appreciated. 

The  tongue  is  proportionally  largest  and  most  fleshy  in  the 
Parrot  tribe,  and  the  food  is  detained  in  the  mouth  longer  in 
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these  than  in  other  Birds.  It  is  triturated  and  comminuted  by 
the  mandibles,  and  turned  about  by  the  tongue,  which  here  seems 
to  exercise  a  gustatory  faculty,  since  indigestible  parts,  as  the 
coats  of  kernels,  &c.,  are  rejected.  In  the  Lories  the  extremity  of 
the  tongue  is  provided  with  numerous  long  and  delicate  papillas 
or  filaments  projecting  forwards. 

The  marginal  epithelial  papillae  of  the  tongue  of  the  Toucan, 
fig.  51,  A,  appear  to  test,  in  the  way  of  touch,  the  ripeness  or 
mellowness  of  fruit.  Similar  papillae  at  the  tip  of  the  tongue  of 
many  small  birds  (Humming-birds,  Thrush-tribe,  fig.  75,  B,  Field- 
fare) exemplify  probably  the  tactile  rather  than  the  gustatory 
faculty. 

51 


Fauces  and  tongae  of  the  Toucan  {Bamphattot).    xx\ 


§  142.  Orffan  of  Smell.— The  close  affinity  subsisting  between 
the  cold  and  warm-blooded  Ovipara  is  manifested  in  the  olfactory 
organs.  The  external  nostrils  are  simple  perforations,  having  no 
moveable  cartilages  or  muscles  provided  for  dilating  or  con- 
tracting their  apertures,  as  in  Mammalia.  The  extent  of  surface 
of  the  pituitary  membrane  is  not  increased  by  any  large  accessory 
cavities,  but  simply  by  the  projections  and  folds  of  the  turbinals. 
The  olfactory  nerve  passes  out  of  the  skull,  as  a  rule,  in  Birds, 
by  a  single  foramen.  The  Apteryx  and  Dinornis  form  the  ex- 
ceptions. 

The  external  nostrils  vary  remarkably  both  in  shape  and  posi- 
tion, and  serve  on  that  account  as  zoological  characters.  They 
are  placed  at  the  sides  of  the  upper  mandible  in  the  majority  of 
Birds,  but  in  some  species  are  situat.ed  at  or  above  the  base  of  the 
bill ;  the  latter  is  the  case  in  the  Toucans,  fig.  53,  d ;  in  the 
Apteryx  australis  they  are  found  at  the  extremity  of  the  long 
upper  mandible. 

In  general  they  are  wide  and  freely  open  to  facilitate  the  inha- 
lation of  air  during  the  rapid  motions  of  the  bird,  but  they  are  so 
narrow  in  the  Herons  as  scarcely  to  admit  the  point  of  a  pin ; 
and  in  some  Pelecanidcs  they  are  wanting,  and  the  odorous  par- 
ticles get  access  to  the  olfactory  organ  from  the  palate. 

In  the  Rasores  the  nostrils  are  partially  defended  by  a  scale. 
In  the  Corvid(B  they  are  protected  by  a  bunch  of  stiff  feathers 
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directed  forward.  In  the  Petrels  the  nostrils  are  produced  in  a 
tubular  form,  parallel  to  one  another  for  a  short  distance  along 
the  upper  part  of  the  mandible,  with  the  ori- 
fices turned  forwards,  fig.  52,  a. 

The  septum  narium,  fig.  53,  e^  e,  is,  in 
general,  complete,  and  is  partly  osseous,  partly 
cartilaginous.  It  is  perforated  in  the  Swan 
just  opposite  the  external  nostrils,  and  In  the 
Toucan,  lower  down,  ib.  b.  The  surface  of 
the  septum  is  rugose  in  this  bird,  and  the  pituitary  membrane 
which  covers  it  is  highly  vascular.  The  parietes  of  each  of  the 
nasal  passages  give  attachment  to  three  turbinal  laminse.  The 
inferior  one  is  a  simple  fold  adhering  to  the  lower  and  anterior 
part  of  the  septum  narium ;  it  is  partially  ossified  in  some  Ra- 
The  middle  turbinal  is  the  largest :  it  is  of  an  infundibular 
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figure,  and  adheres  by  its  base  to  the  septum  and  externally  to  the 
side-wall  of  the  nose.  It  is  convoluted  with  two  turns  and  a  half 
in  the  Anserine  Birds,  but  in  many  birds  it  is  compressed  and 
forms  only  one  turn  and  a  half.      The  superior  turbinal  t,  5'% 


53 


Sett  luq  4>f  ttuM,  iMwlmf  v«refiml  uoitrUf,  Toueui  (Bampkatt9^y,  xx. 

fig-  56,  generally  presents  the  form  of  a  bell ;  it  is  more  or  less 
ossified  at  its  base,  but  mostly  cartilaginous,  and  adheres  to  the 
upper  part  of  the  prefrontal.  It  is  hollow,  and  divided  into 
two  compartments,  which  are  prolonged  in  a  tubular  form ;  the 
internal  one  extends  toward  the  orbit,  the  external  terminates 
behind  the  middle  turbinal  in  a  cul-de-sac.  The  turbinal 
supports    of    the    pituitary    membrane    may    be    membranous 
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gristly,  or  bony,  and  in  different  proportions.  The  latter  is 
their  texture  in  the  Toucan,  in  which  the  olfactory  organ  is 
confined  to  the  base  of  the  huge  upper  mandible,  fig.  53,  dy  e,  the 
meatus  describing  a  vertical  sigmoid  curve.  At  its  commencement 
it  is  cylindrical,  then  dilates  forward  to  receive  the  outermost  tur- 
binal,  and  bends  backward  to  admit  the  projection  of  two  ethmo- 
turbinals :  after  which  it  descends  vertically  to  the  palate,  e.  The 
pituitary  lining  of  the  meatus  is  not  continued  or  reflected  into 
the  contiguous  pneumatic  structure  of  the  bill,  a,  b. 

In  most  Birds  the  nasal  passages  communicate  with  the  palate 
and  pharynx  by  two  distinct  but  contiguous  apertures :  in  some, 
e.  g;,  the  Cormorant  and  Gannet,  the  passages  unite  and  terminate 
by  a  single  aperture. 

The  olfactory  nerves  are  distributed  to  the  pituitary  mem- 
brane of  the  septum  narium,  and  of  the  superior  and  middle,  or 
ethmo-,  turbinals ;  the  lower  turbinals  being  supplied  by  the  fifth 
nerves.  The  membrane  is  most  vascular  and  delicate  on  the  ethmo- 
turbinals;  and  these  acquire  an  unusual  size  in  the  Apteryx, 
where  they  are  attached  to  the  whole  outer  part  of  the  prefron- 
tals, answering  to  the  ^  os  planum,'  which  makes  a  large  convex 
projection  between  and  below  the  orbits.  This  bird  appears 
to  be  guided  by  the  sense  of  smell  to  the  worms  that  form  its 
food,  the  outer  nostrils  being  at  the  end  of  the  long  probe-shaped 
bill.  The  olfactory  nerves  are  proportionally  largest  in  the 
Apteryx,  and  are  sent  off  in  numerous  filaments  from  the  rhinen- 
cephalon,  by  a  cribriform  plate,  to  the  nose.  The  extinct  Dinomis 
had  a  similar  developement  of  the  organ  of  smell.  In  the  Vulture 
the  olfactory  nerve  is  single  on  each  side,  and  continued  from  an 
olfactory  ganglion,  or  *  rhinencephalon,'  along  the  upper  part  of 
the  interorbital  space  to  be  distributed  upon  an  upper  and  middle 
turbinal,  the  latter  being  the  largest.  In  the  Turkey  the 
olfactory  nerve  is  one-fifth  the  size  of  that  in  the  Vulture,  and 
is  ramified  on  a  small  middle  turbinal,  there  being  no  extension  of 
the  pituitary  membrane  over  a  superior,  or  ethmo-turbinal.^  This 
result  of  comparative  anatomy,  and  the  observed  differences  in 
the  habits  and  food  of  the  Vulture  and  Turkey,  point  to  the 
greater  importance  and  exercise  of  the  sense  of  smell  in  the 
carrion-eating  raptorial  bird.  But  it  has  been  sought  to  invalidate 
the  inference  by  certain  well-known  experiments.  Mr.  Audubon 
exposed  the  skin  of  a  deer,  stuffed  with  hay,  and  in  a  few  minutes 
a  Vulture  flew  towards  and  alighted  near  it,  attacked  the  seeming 
carcass  in  the  usual  way,  and  tore  open  the  seams  of  the  skin ; 
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when,  finding  nothing  eatable,  the  bird  flew  away.  Hence  the 
American  ornithologist  concludes  that  the  Vulture  is  led  to  its 
game  by  sight  alone.  But  the  truer  deduction  may  be  that, 
having  always  received  impressions  from  sight,  combined  with 
and  confirming  those,  in  some  cases  the  first  received,  from  smell, 
the  Vulture  was  unwilling  to  disbelieve  its  own  eyes,  though  the 
odour  was  absent.  It  may  often  have  been  led  by  sight  to  the 
carcass  of  a  dying  beast,  or  one  dead  too  soon  for  any  putre- 
factive emanations  to  have  escaped,  and  so  it  mistook  the  stuffed 
deer  for  a  recently  dead  one.  In  a  converse  experiment,  a  dead 
hog  being  concealed  in  a  ravine,  and  covered  with  briers  and 
cane,  ^  many  Vultures  were  seen  from  time  to  time  sailing  over 
the  spot  where  the  putrid  carcass  was  hid,'  but  none  of  them 
attempted  to  expose  it :  whilst  several  dogs  found  their  way  to  it, 
and  devoured  the  flesh.'  *  The  right  inference  from  this  experi- 
ment is,  that  the  Vultures  were  attracted  by  the  putrefactive 
efliuvia;  but,  having  always  associated  sight  with  smell,  and 
having  neither  the  burrowing  power  of  the  dog,  nor  the  habit  of 
hunting  exclusively  by  scent,  they  were  baffled. 

§  143.    Organ   of  Hearing, — The   general   character  of  this 
organ  resembles  that  in  Keptilia,  but,  as  Hunter  well  remarks, 
^  there  is  a  neatness  and  precision  in  the 
structure  which  is  not  to  be  found  in  the  *"* 

Tricoilia,^^  The  whole  of  the  primitive 
cartilaginous  acoustic  capsule  is  ossified 
and  confluent  with  contiguous  elements 
of  cranial  vertebras,  and  there  is  a  better 
defined  and  usually  deeper  fossa  or  *  mea- 
tus '  external  to  the  ear-drum.  In  most 
Birds  a  fold  of  integument  projects  from 
the  fore  part  of  the  meatus ;  this  is  largest 
in  the  Owls,  but  the  ear-drum  is  not  pro- 
tected by  one  so  developed  as  to  form  a 
conspicuous  *  conch'  or  *  auricle.'  At  most, 
in  some  Birds,  as  the  Bustard,  fig.  54,  rf. 
Ostrich  and  Owls,  particular  feathers  are 
so  developed  and  arranged  around  the 
meatal  margin,  as  to  serve  the  office  of  an 
external  ear  :  the  auricular  feathers  being 
raised  and  directed  so  as  to  catch  and  concentrate  the  vibrations 
of  sound  that  may  have  excited  the  bird's  attention. 

»  xxxii*.  vol.  ii.  p.  34  ;  vol.  v.  p.  345.  •  Vol.  i.  p.  208. 
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The  labyrinth  or  internal  ear  consists  of  the  ^  vestibule,'  three 
semicircular  canals,  and  beginning  of  the  cochlea.  The  vestibule 
is  smaller  in  proportion  to  the  other  parts,  but  is  longer  than  in 
Reptilia.  The  superior  semicircular  canaJ,  fig.  55,  h'y  is  usually 
the  largest,  as  in  the  Owl ;  but  it  is  relatively  smaller  in  most 
Cantores :  the  external  canal,  t,  inosculates  at  m  with  the  horizon- 
tal one  A,  but  the  chief  communications  of  the  canals  are  through 
the  medium  of  the  vestibule.  The  ends  of  the  canals  where  the 
acoustic  nerves  enter  are  expanded  into  *  ampullar,'  ib.  /,  and  the 
nerves  are  supported  in  exquisitely  delicate  vascular  membranes 
lining  the  canals,  and  slightly  projecting  into  the  ampullae. 

The  cochlea  is  represented  by  an  obtuse  osseous  conical  cavity, 
fig.  55y  riy  longer  than  in  the  Crocodile,  very  slightly  bent,  with  the 

concavity  directed  backward.  Its 
interior  is  occupied  by  two  small 
cylinders  of  fine  cartilage,  each  a 
little  twisted,  and  united  by  a 
thin  membrane  at  their  origin  and 
termination.  They  proceed  from 
the  osseous  bar,  which  separates 
the  two  foramina,  communicating 
respectively,  the  one,  *  foramen 
rotundum,'  with  the  vestibule,  the 
other,  *  foramen  ovale,'  with  the 
tympanum.  The  sulcus,  which  is 
left  between  the  cartilages,  is  dilated  near  the  point,  and  accom- 
modates the  same  branch  of  the  auditory  nerve,  which  is  sent 
to  the  cochlea  in  Mammals.  This  nerve  spreads  in  fine  fila- 
ments upon  the  united  extremity  of  the  cartilaginous  cylinders. 
The  cavity  is  divided  by  the  presence  of  the  cartilages  into  two 
*  scalae,'  the  anterior  of  which  communicates  with  the  vestibule 
and  is  not  closed;  the  posterior  scala  is  shorter,  and  would 
communicate  with  the  tympanum  by  the  foramen  ovale,  were  it 
not  closed  by  a  membrane.  Besides  these  parts  the  cochlea 
still  contains  a  trace  of  the  cretaceous  substance  which  forms  so 
conspicuous  a  part  of  the  organisation  of  the  internal  ear  in 
Fishes.  The  Struthious  Birds  manifest  their  closer  relation  to 
the  Reptilia  by  having  the  cochlea  smaller  in  proportion  to  the 
other  parts  than  in  the  ears  of  birds  of  flight. 

The  cavity  of  the  tympanum  has  been  already  described,  p.  62 : 
besides  the  communications  with  the  air-cells  of  the  surrounding 
bone,  it  is  continued  by  the  *  eustachian'  tube,  fig.  55^  e,  to  the 
{mlate :  to  the  membrane  closing  the  ^  foramen  ovale'  is  applied  the 
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base  of  the  columelliform  stapes  :  the  much  larger  external  aperture 
of  the  tympanic  cavity  is  closed  by  the  ear-drum,  e.  This  is  con- 
vex outwardly,  semitransparent  and  glistening :  the  proper  *  mem- 
brana  tympani'  is  lined  by  that  of  the  tympanic  cavity,  which 
is  continued  into  the  eustachian  tube  ;  and  is  covered  externally 
by  an  epithelial  layer,  continuous  with  that  of  the  meatus :  the 
former  is  more  intimately  united  with  the  proper  membrane. 
In  this  may  be  discerned  an  outer  layer,  showing  more  distinctly 
a  structure  of  radiating  fibres,  and  one  inner,  thicker,  and  less 
distinctly  fibrous  layer. 

The  margin  of  the  ear-drum  is  set  in  a  groove  of  bone,  afforded 
by  or  attached  to  the  tympanic  anteriorly,  the  mastoid  above,  and 
the  paroccipital  behind.  One  or  more  points  of  ossification  may 
be  set  up  in  the  thick  periphery  of  the  drum,  which  coalesce 
with  the  above-named  bones.  The  membrane  of  the  vestibule, 
passing  across  the  foramen  ovale,  becomes  a  little  thickened  where 
it  adheres  to  the  margin  of  the  disc  of  the  stapes:  the  connection 
is  such  as  to  admit  of  a  slight  movement  of  the  ossicle.  From  the 
disk  the  bone  is  continued,  of  a  slender  form,  like  a  pedicle,  to  the 
cartilaginous  bifurcation,  and  this  is  connected  by  a  larger  cartilagi- 
nous plate,  representing  the  ^  malleus,'  to  the  membrana  tympani, 
at  c,  fig.  ^b.  To  the  latter  cartilage,  as  to  the  ossified  and  coalesced 
incus  and  malleus  of  Marsupials,  is  attached  the  chief  muscle  of  the 
ear-drum,  a  *  tensor,'  fig.  bb^fx  it  arises  from  a  depression  in  the  ba- 
sisphenoid,  enters  the  tympanic  cavity  above  the  beginning  of  the 
eustachian  tube,  and  by  its  insertion  into  and  action  upon  the  mal- 
leus, tends  to  push  the  membrane  outward :  it  is  counteracted  by 
two  small  cords  extended  to  the  inner  wall  of  the  tympanum  :  but 
the  muscular  character  of  them  is  doubtful,  and  the  ear-drum  re- 
sumes its  normal  state  when  the  tensor  ceases  to  act.  The  eusta- 
chian tube,  fig.  bb^  Cy  is  continued  from  the  lower  and  back  part  of 
the  tympanic  cavity,  grooves  the  sides  of  the  basisphenoid,  as  it 
converges  toward  its  fellow,  with  which  it  unites,  in  most  Birds, 
to  terminate  by  a  common  aperture  behind  the  posterior  or  palatal 
nares. 

§  144.  Organ  of  Sight  in  Birds. — The  avian  peculiarities  of  the 
eye  chiefly  relate  to  the  extraordinary  powers  of  locomotion  in 
this  class,  adjusting  vision  to  a  rapid  change  of  distance  in  the 
objects  viewed,  and  facilitating  their  distinct  perception  through 
a  rare  medium. 

There  is  no  species  of  Bird  in  which  the  eyes  are  wanting,  or 
rudimentary,  as  occurs  in  the  other  vertebrate  classes. 

The  eyes  of  Birds  are  remarkable  for  their  great  size,  both  as 
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compared  with  the  brain  and  with  the  entire  head,  fig.  56,  being 
analogous,  in  this  respect,  to  the  eyes  of  some  of  the  flying 
insects.  Their  form  is  admirably  adapted  to  promote  the  objects 
above  named.  The  anterior  segment  of  the  eye  is  more  promi- 
nent than  in  any  other  class  of  animals,  and  is  in  many  Birds 

prolonged  into  a  tubular  form, 
terminated  by  a  very  convex  cor- 
nea, fig.  137,  e;  the  Owl  fur- 
nishes the  best  example  of  the 
disproportion  between  the  ante- 
rior and  posterior  divisions  of  the 
globe,  the  axis  of  the  anterior 
portion  being  twice  as  great  as 
that  of  the  other.  This  gives 
room  for  a  greater  proportion  of 
aqueous  fluid,  and  by  removing 
the  crystalline  lens  from  the 
retina,  causes  a  greater  converg- 
ence of  the  rays  of  light,  by  which 
the  nocturnal  bird  is  enabled  to 
discern  the  objects  placed  near  it, 
and  to  see  with  a  weaker  light 
The  anterior  division  of  the  eye 
is  least  convex  in  the  Swimming 
Birds.  The  antero-posterior  dia- 
meter is  to  the  transverse  as  19  to  26  in  the  Swan,  and  as  17  to 
20  in  the  Duck. 

The  sclerotic  coat,  fig.  57,  b,  is  divisible  into  three  layers. 
It  is  thin,  flexible,  and  somewhat  elastic  posteriorly,  where  it 
presents  a  bluish  shining  appearance,  but  anteriorly  its  form  is 
maintained  by  a  circle  of  osseous  plates  or  scales,  ib.  a,  fig.  26,  ir, 
interposed  between  the  exterior  and  middle  layers.  These  plates 
vary  from  thirteen  to  twenty  in  number,  and  are  situated  imme- 
diately behind  the  cornea,  with  their  edges  overlapping  each 
other.  They  are  in  general  thin,  and  of  an  oblong  quadrate 
figure,  becoming  elongated  from  before  backward  in  proportion 
as  the  bird  possesses  the  power  of  changing  the  convexity  of 
the  cornea.  In  the  Owls  they  extend  from  the  cornea  over  the 
long  anterior  division  of  the  eye  to  the  posterior  hemisphere, 
which  they  also  contribute  to  form.  The  figure  of  the  eye  is 
thus  maintained,  notwithstanding  its  want  of  sphericity. 

The  bony  plates  are  capable  of  a  degree  of  motion  upon  each 
other,  which  is,  however,  restrained  within  certain  limits  by  the 
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attachments  of  their  anterior  and  posterior  edges  to  the  sclerotic 
coat ;  and  by  their  being  bound  together  by  a  tough  ligamentous 
substance,  as  it  were  the  continuation  of  the  sclerotic  between 
the  edges  that  overlap  each  other. 

The  cometty  fig.  57,  c,  possesses  the  same  structure  as  in  Mam- 
malia, but  differs  with  respect  to  form.  When  the  posterior  part 
of  the  eye  is  compressed  by  the  muscles,  the  humours  are  urged 
forward  and  distend  the  cornea;  which,  at  that  time,  becomes 
more  prominent  than  in  Mammalia;  and  under  such  circum- 
stances, the  eye  is  in  a  state  for  perceiving  near  objects.  When 
the  muscles  are  relaxed,  the  contents  of  the  eyeball  retire  to  the 
posterior  part,  and  the  cornea  becomes  flatter:  this  is  the  con- 
dition in  which  we  find  the  eye  of  a  dead  bird,  but  we  can  have 
no  opportunity  of  perceiving  it  during  life.  It  is  only  practised 
for  the  purpose  of  rendering  objects  visible  that  are  placed  at  an 
extreme  distance.  From  the  well-known  effects  of  form  upon 
refracting  media,  it  must  be  presumed,  that  the  cornea  is  least 
convex  when  a  bird  which  is  soaring  in  the  higher  regions  of  the 
air,  and  invisible  to  us,  discerns  its  prey  upon  the  earth ;  its  form 
will  change  as  the  bird  descends  with  unerring  flight  to  the  spot, 
as  is  customary  with  many  of  the  rapacious  tribe. 

On  reflecting  the  sclerotica  from  the  choroid, 
a  grey  substance  is  seen  upon  the  fore  part  of 
the  latter,  like  a  ring:  it  consists  of  fibres 
showing,  like  those  of  the  iris,  the  transverse 
strise,  and  which  serve  to  attach  the  choroid  to 
the  sclerotic  plates  and  contiguous  margin  of 
the  cornea.  These  fibres  are  regarded  by  the  section  of  erebaii.  r<uco. 
anatomist,  who   first  called  attention  to  their  ***'^* 

muscular  nature  in  Birds,  as  helping  ^  to  accommodate  the  eye  to 
the  different  distances  of  objects,'  being  supposed  to  act  upon 
the  cornea  in  a  manner  analogous  to  that  of  the  muscles  of  the 
diaphragm  upon  its  tendinous  centre.* 

The  choroid  coat  is  a  loosely  cellular  and  highly  vascular  mem- 
brane, devoid  of  *tapetum,'  and  copiously  covered  or  saturated  with 
a  black  pigment.  Opposite  the  bony  circle  the  choroid  separates 
into  two  layers ;  the  external  layer  is  the  thinnest,  and  adheres  at 
first  firmly  to  the  sclerotica,  after  which  it  is  produced  freely 
inwards  to  form,  or  be  continuous  with,  the  iris. 

The  irisy  fig.  57,  e,  is  delicate  in  its  texture,  which  under  the  lens 
appears  composed  of  a  fine  network  of  interlacing  fibres,  but  it  is 
remarkable  for  the  activity  and  extent  of  its  movements,  which 
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seem  in  some  Birds  to  be  voluntary.  The  contraction  and  dilata- 
tion of  the  pupil,  independently  of  any  change  in  the  quantity  of 
light  to  which  the  eye  is  exposed,  is  most  conspicuous  and  re- 
markable in  the  Parrot  tribe,  but  it  has  been  observed  also  in  the 
Cassowary  and  other  birds.* 

The  colour  of  the  iris  is  subject  to  many  varieties,  which  fre- 
quently display  great  brilliancy,  and  afford  zoologists  distinguish- 
ing specific  characters  of  Birds ;  although  these  cannot  always  be 
implicitly  relied  upon.  The  breadth  of  the  iris  varies  in  diffe- 
rent species,  but  is  greatest  in  Birds  which  take  their  food  in  the 
gloom,  e.  g..  Owls  and  Nightjars,  in  order  that  the  pupil  may  be 
proportionally  enlarged  to  admit  as  much  light  as  possible  to  the 
retina.  The  ciliary  nerves  and  vessels  run  in  the  form  of  single 
trunks  between  the  choroid  and  sclerotica,  and  terminate  ante- 
riorly in  several  ring-shaped  plexuses  for  the  supply  of  the  iris 
and  of  the  muscular  circle  of  the  cornea.  The  pupil  is  usually 
round :  in  the  Goose  and  Dove  it  is  elongated  transversely,  and 
in  the  Owls  is  vertically  oval. 

The  inner  layer  of  the  choroid  is  thicker  than  the  external,  and 
is  disposed  in  numerous  thickly  set  plicae  radiating  towards  the 
anterior  part  of  the  crystalline  lens,  where  they  terminate  in 
slightly  projecting  ciliary  processes y  fig.  57 ,  d,  the  extremities  of 
which  adhere  firmly  to  the  capsule  of  the  crystalline.  These 
processes  are  the  most  numerous,  close  set,  and  delicate  in  the 
Owl :  they  are  proportionally  larger  and  looser  in  the  Ostrich. 

The  chief  peculiarity  in  the  eye  of  the  Bird  is  the  marsupium 
or  pecten,  ib.  /,  which  is  a  plicated  vascular  membrane  analogous 
in  structure  to  the  choroid,  and  equally  blackened  by  the  pig- 
mentum  ;  situated  in  the  vitreous  humour  anterior  to  the  retina, 
and  extending  from  the  point  where  the  optic  nerve  penetrates 
the  eye  to  a  greater  or  less  distance  forward,  being  in  many  Birds 
attached  to  the  posterior  part  of  the  capsule  of  the  lens.  As  its 
posterior  point  of  attachment  is  not  to  the  choroid  but  to  the 
termination  of  the  optic  nerve,  this  requires  to  be  first  described. 

When  the  optic  nerve,  ib.  g,  arrives  at  the  sclerotic,  it  tapers 
into  a  long  conical  extremity,  which  glides  into  a  sheath  of  a 
corresponding  figure,  excavated  in  the  substance  of  that  mem- 
brane, and  directed  downward  and  obliquely  forward.  The 
central  or  inner  layer  of  this  sheath  is  split  longitudinally,  and  the 
plicated  substance  of  the  nerve,  fig.  48,  passes  through  this  fissure. 
A  similar  but  longer  fissure  exists  in  the  corresponding  part  of 
the  choroid :  so  that  the  extremity  of  the  optic  nerve  presents  in 
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the  interior  of  the  eye,  instead  of  a  round  disc,  as  in  Mammalia, 
a  white  narrow  streak,  from  the  extremities  and  sides  of  which 
the  retina  is  continued.  Branches  of  the  ophthalmic  artery,  dis- 
tinct from  the  vessels  of  the  choroid,  and  homologous  with  the 
arteria  centralis  retincBy  enter  the  eye  between  the  laminae  of  the 
retina,  along  the  whole  extent  of  the  oblique  slit  above  mentioned, 
and  immediately  penetrate  the  folds  of  the  marsupial  membrane, 
upon  which  they  form  delicate  ramifications.  These  vessels  are 
shown  in  fig.  58,  representing  the  excised  marsupium  unfolded 
and  spread  out. 

The  marsupium  is  lodged  like  a  wedge  in  the  substance  of  the 
vitreous  humour,  in  a  vertical  plane,  directed  obliquely  forward. 
In  those  species  in  which  the  marsupium  is  widest,  the  angle 
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next  the  cornea  reaches  the  inferior  edge  of  the  capsule  of  the 
crystalline ;  but  where  it  is  narrow,  the  whole  anterior  border  is 
in  contact  with  the  same  point.  This  contact  is  close  in  some  Birds, 
as  the  Vulture,  Parrot,  Turkey,  Cassowary,  Stork,  Goose,  and 
Swan  but  in  other  Birds  the  marsupium  does  not  extend  further 
than  two-thirds  of  the  distance  from  the  back  part  of  the  eye,  and  is 
attached  at  its  anterior  extremity  to  some  of  the  numerous  laminas 
of  the  hyaloid  membrane  which  form  the  cells  for  the  lodgment 
of  the  vitreous  humour.  In  these  cases  the  marsupium  can  have 
no  influence  on  the  movements  of  the  lens,  unless  it  be  endowed 
with  an  erectile  property,  and  be  so  far  extended  as  to  push  for- 
ward the  lens.  There  is  no  muscular  structure  in  the  marsupium; 
and  its  changes  of  form,  if  such  occur  in  the  living  bird,  must  be 
effected  by  changes  in  the  condition  of  the  vessels  of  which  it  is 
almost  exclusively  composed. 

The  form  of  the  marsupium  varies  in  different  Birds ;  it  is 
broader  than  it  is  long  in  the  Stork,  Heron,  Turkey,  and  Swan ; 
and  of  the  contrary  dimensions  in  the  Owl,  Ostrich,  and  Casso- 
wary.    The   plicae   of  the  membrane  are  perpendicular  to  t' 
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terminal  line  of  the  optic  nerve ;  they  are  of  a  rounded  figure  in 
most  species,  but  in  the  Ostrich  and  Cassowary  they  are  com- 
pressed, and  so  far  inclined  from  the  plane  of  the  membrane,  that 
their  convergence  towards  its  extremity  gives  it  a  resemblance  to 
a  close-drawn  purse.*  The  folds  vary  in  number,  being  four  in 
the  Cassowary,  seven  in  the  Great  Homed  Owl,  eight  in  the 
Maccaw,  from  ten  to  twelve  in  the  Duck  and  Vulture,  fifteen  in 
the  Ostrich,  sixteen  in  the  Swan  and  Stork,  and  still  more  nu- 
merous in  the  Insessorial  Birds,  amounting  to  twenty-eight, 
according  to  Soemmerring,  in  the  Fieldfare. 

The  exact  functions  of  the  marsupial  membrane  are  still  in- 
volved in  obscurity.  Its  position  is  such  that  some  of  the  rays  of 
light  proceeding  from  objects  laterally  situated  with  respect  to 
the  eye  must  fall  upon  and  be  absorbed  by  it;  and  Petit  ac- 
cordingly supposed  that  it  contributed  to  render  more  distinct  the 
perception  of  objects  placed  in  front  of  the  eye. 

Some  physiologists  have  supposed  that  this  black  membrane 
was  extended  toward  the  centre  of  the  eye,  where  the  luminous 
rays  are  most  powerfully  concentrated,  in  order  to  absorb  the 
excess  of  intense  light  to  which  Birds  are  exposed  in  soaring  aloft 
against  the  blazing  sun.  Others  have  considered  it  as  the  gland 
of  the  vitreous  humour,  and  that,  as  this  fluid  must  be  rapidly 
consumed  during  the  frequent  and  energetic  use  made  of  the 
visual  organ  by  Birds,  it  therefore  might  require  a  superadded 
vascular  structure  for  its  reproduction. 

The  marsupium  may  act  as  an  erectile  organ,  and  occupy  a 
variable  space  in  the  vitreous  humour :  when  fully  injected,  there- 
fore, it  will  tend  to  push  forward  the  lens,  either  directly  or 
through  the  medium  of  the  vitreous  humour,  which  must  be  dis- 
placed in  a  degree  corresponding  to  the  increased  size  of  the  mar- 
supium ;  the  contrary  effects  will  ensue  when  the  vascular  action 
is  diminished.  The  nocturnal  Apteryxy  in  which  the  eye  is  so 
small,  shows  also  the  exception  of  the  absence  of  the  marsupium. 

The  retina  is  continued  from  the  circumference  of  the  base 
of  the  marsupium,  and  after  unfolding  its  plicse  expands  into 
a  smooth  layer  of  medullary  matter,  which  seems  to  terminate 
at  the  periphery  of  the  corpus  ciliare.  In  the  Owls  not  more 
than  half  the  globe  of  the  eye  is  lined  by  the  retina ;  it  ceases  in 
fact  where  the  eye  loses  the  spherical  form  at  the  base  of  the 
anterior  cylindrical  portion. 

*  The  Parisian  Academicians,  who  took  their  description  of  this  part  from  the 
Ostrich,  first  applied  to  it  the  name  of  Marsupium  or  Bourse,   xl*. 
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The  humours  of  the  eye  no  less  correspond  to  the  peculiar 
vision  of  the  Bird,  and  the  rare  medium  through  which  it  is 
destined  to  move,  than  the  shape  of  the  globe  and  the  texture  of 
its  coats. 

The  aqueous  humour  is  extremely  abundant,  owing  to  the 
extent  of  the  anterior  chamber  gained  by  the  convexity  of  the 
cornea,  and  its  refractive  power  must  be  considerable  in  the 
higher  regions  of  the  atmosphere.  The  membrane  inclosing  it 
can  be  more  readily  demonstrated  in  Birds  than  in  most  Manunals, 
especially  where  it  adheres  to  the  free  edge  of  the  iris.  The  large 
size  of  the  ciliary  processes  may  have  the  same  relation  to  the 
reproduction  of  the  aqueous,  as  the  marsupium  is  supposed  to  have 
wdth  reference  to  the  vitreous,  humour. 

The  crystalline  lens  is  remarkable  for  its  flattened  form,  espe- 
cially in  the  high-soaring  Birds  of  Prey;  it  is  also  of  a  soft 
texture,  and  is  without  the  hard  nucleus  found  in  Fishes  and 
Reptiles.  In  the  Cormorant  and  other  birds  which  seek  their 
food  in  water,  the  crystalline  is  of  a  rounder  figure,  and  this  is 
peculiarly  the  case  in  the  nearsighted  Apteryx  and  Owls  which 
hunt  for  prey  in  obscure  light.  It  is  inclosed  in  a  distinct 
capsule,  which  adheres  very  firmly  to  the  depression  in  the  an- 
terior part  of  the  vitreous  humour ;  the  capsule  is  itself  lodged 
between  two  layers  of  the  membrana  hyaloidea,  which,  as  they 
recede  from  each  other  to  pass — the  one  in  front  and  the  other 
behind  the  lens — leave  round  its  circumference  the  sacculated 
canal  of  Petit. 

The  vessels  of  the  lens  are  derived  from  those  of  the  marsu- 
pium, which,  as  before  observed,  are  ramifications  of  the  homo- 
logue  of  the  arteria  centralis  retin© :  this  is  not  continued  as  a 
simple  branch  from  its  origin  to  the  marsupium;  but,  imme- 
diately before  penetrating  the  coats  of  the  eye,  it  breaks  into 
numerous  subdivisions,  the  aggregate  of  which  is  greater  than  the 
trunk  whence  they  proceed,  and  these  again  unite,  forming  a 
plexus.  By  fig.  59,  close  to  the  external  side  of  the  optic  nerve. 
The  artery  of  the  marsupium  proceeds  from  this  plexus,  and  runs 
along  the  base  of  the  folds,  giving  off  at  right  angles  a  branch  to 
each  fold,  which  in  like  manner  sends  off  smaller  ramuli,  fig.  58. 
The  plexus  at  the  origin  of  the  marsupial  artery  serves  as  a 
reservoir  for  supplying  the  blood  required  for  the  occasional  full 
injection  of  the  marsupium ;  and  a  similar  but  larger  plexus,  fig. 
59,  4,  is  formed  at  the  origins  of  the  ciliary  arteries  which  supply 
the  erectile  tissue  of  the  ciliary  processes  and  iris. 

The  vitreous  humour  presents  few  peculiarities  worthy  of  note ; 
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lated  exterior,  and  emits  its  viscid  secretion  by  a  short  duct  which 
opens  beneath  the  third  lid.  The  ^  lacrymal  gland,'  fig.  59,  r/, 
lies  at  the  posterior  and  external  part  of  the  eyeball ;  in  the 
Goose  it  is  of  a  flattened  form,  about  the  size  of  a  pea,  and  pours 
its  thinner  transparent  secretion,  by  a  short  wide  duct,  upon  the 
inside  of  the  outer  canthus  of  the  eyelids.  The  naso-lacrymal 
conduit  commences  by  two  apertures  at  the  nasal  canthus,  and 
terminates  below  and  a  little  before  the  middle  turbinal.  In  the 
Ostrich  there  is  a  glandular  prominence  at  each  *punctum,'  ana- 
logous to  a  *caruncula  lacrymalis,'  but  this  structure  is  not 
present  as  a  rule  in  Birds. 

Besides  the  two  glands  which  serve  to  lubricate  and  facilitate 
the  movements  of  the  eyeball  and  eyelids,  there  exists  another 
gland  which  from  its  position  in  or  near  the  orbit  seems  to  belong 
to  the  lacrymal  group ;  but  its  secretion  is  exclusively  employed 
upon  the  pituitary  membrane  of  the  nose,  and  it  corresponds 
rather  to  the  nasal  gland  of  Serpents.  In  many  water  and  marsh 
Birds  the  gland  in  question  is  lodged  in  the  superorbital  fossa, 
before  described,  p.  61 ;  but  in  most  Birds  it  is  situated  within 
the  orbit,  either  beneath  the  nasal  or  between  it  and  the  maxil- 
lary :  in  the  Woodpecker  it  is  found  in  the  subocular  air-cell.  I 
have  detected  it  in  one  or  more  species  of  every  order  of  Birds. 
In  the  Anserines  the  gland  is  large,  and  seems  to  complete  the 
upper  margin  of  the  orbit,  fig.  56,  A,  and  is  enclosed  in  a  dense 
fibrous  capsule.  It  is  composed  of  ramified  follicles,  with  cellular 
walls.  In  the  Albatross  and  Penguin  it  sends  two  or  three  ducts 
to  the  nasal  cavity. 
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DIGESTIVE   SYSTEM   OF   BIRDS. 

The  digestive  function  is  most  potent  and  rapid  in  Birds,  in 
order  to  supply  the  waste  occasioned  by  their  extensive,  frequent 
and  energetic  motions,  and  in  accordance  with  the  rapidity  of 
their  circulation  and  their  high  state  of  irritability.* 

The  parts  to  be  considered  with  reference  to  this  function  are 
the  rostrum  or  beak,  the  tongue,  the  oesophagus,  the  stomach 
which  is  always  divided  into  a  glandular  and  muscular  portion, 
the  intestines,  and  the  cloaca:  with  these  are  connected  the 
salivary  glands,  the  proventricular  follicles,  the  liver  and  pancreas. 

§  145.  Beaks  of  Birds, — The  beak  consists  of  an  ^  upper 
mandible,'  supported  by  the  maxillary  and  premaxillary  bones, 
and  of  a  ^  lower  mandible  '  formed  by  the  lower  jaw.  In  place 
of  teeth  these  bones  are  provided  with  a  sheath  of  homy  fibrous 
material,  similar  to  that  of  which  the  claws  are  composed: 
this  sheath  is  moulded  to  the  shape  of  the  osseous  mandibles, 
being  formed  by  a  vascular  substance  covering  these  parts,  and 
its  margins  are  frequently  provided  with  homy  processes  or 
lamina;  secreted  by  distinct  pulps,  analogous  in  this  respect  to 
the  whalebone  laminse  of  the  Whale.  In  a  fostus  of  a  Perroquet 
nearly  ready  for  hatching,  the  margins  of  the  bill  are  beset  with 
white  and  round  tubercles,  arranged  in  a  regular  order,  about 
seventeen  in  the  upper  jaw,  the  foremost  on  the  mid-line.*  These 
tubercles  are  not,  indeed,  implanted  in  the  alveolar  border,  but 
form  part  of  the  sheath  of  the  bill.  Under  each  tubercle, 
however,  there  is  a  gelatinous  pulp,  like  that  of  a  tooth,  but 
resting  on  the  edge  of  the  jaw-bones,  and  every  pulp  is  supplied 
by  vessels  and  nerves  traversing  a  canal  in  the  substance  of  the 
bone.  These  tubercles  form  the  first  margins  of  the  mandibles, 
and  their  remains  are  indicated  by  canals  in  the  homy  sheath 
subsequently  formed,  which  contain  a  softer  material,  and  which 
commence  from  small  foramina  in  the  margin  of  the  bone. 

>  The  Cormorant  deroars,  in  captiTitjr,  six  or  eight  pounds  offish  daily;  what  ma/ 
be  the  amount  in  its  state  of  wild  actiTity  I  *  xxxvr. 
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The  diflTerent  degrees  of  hardness  and  varieties  of  form  of  the 
beak  exercise  as  much  influence  upon  the  nature  of  Birds  as  the 
number  and  figure  of  the  teeth  do  upon  that  of  Mammals. 

The  beak  is  hardest  in  those  Birds  which  tear  their  prey,  as 
Eagles  and  Falcons ;  in  those  which  bruise  hard  seeds  and  fruits, 
as  Parrots  and  Grosbeaks ;  and  in  those  which  pierce  the  barks 
of  trees,  as  Woodpeckers,  in  the  larger  species  of  which  the 
beak  absolutely  acquires  the  density  of  ivory.  The  hardness 
of  the  covering  of  the  beak  gradually  diminishes  in  those  Birds 
which  take  less  solid  nourishment,  or  which  swallow  their  food 
entire ;  and  it  changes  at  last  to  a  soft  skin  in  those  which  feed 
on  tender  substances,  or  which  have  occasion  to  probe  for  their 
food  in  muddy  or  sandy  soils,  or  at  the  bottom  of  the  water,  as 
Ducks,  Snipes,  Woodcocks,  &c. 

CcBteris  paribus^  a  short  beak  must  be  stronger  than  a  long  one, 
a  thick  one  than  a  thin  one,  a  solid  one  than  one  which  is  flexible ; 
but  the  general  form  produces  much  variety  in  the  application  of 
the  force.  A  compressed  beak  with  trenchant  edges,  and  a 
hooked,  sharp-pointed  end,  is  the  fit  instrument  for  seizing  and 
slaying  prey,  whether  birds,  beasts,  or  fishes ;  and  such  ^  aduncate' 
beak  is  seen  in  the  Frigate-bird,  Tropic- 
^^  bird.  Albatross,  Petrel,  fig.  52,  but  com- 

bined with  length  in  these  piscivorous  birds. 
In  the  Raptores  the  beak  is  shorter  and 
stronger,  and  in  some  genera  a  tooth-like 
Beak  of  Falcon.  proccss  on  either  side  of  the  upper  man- 

dible, fig.  60,  adds  to  its  destructive 
power:  hence  the  Falcons,  having  this  armature,  are  reckoned 
the  more  *  noble '  or  courageous  birds  of  prey. 

The  Shrike  {Lanitis)  and  Vanga,  which  have  their  bill  similarly 
armed,  fig.  61,  have  the  cruel  disposition  of  the 
Hawk,  but  take  prey  proportioned  to  their  small 
size :  and  the  ^  tooth'  is  confined  to  the  homy  sheath, 
fig.  61,  not  developed  on  the  bone.  As  the  beak 
Beak  of  a  Shrike.  l>ecomes  straightcr  and  conical  with  the  margin 
entire,  the  bird  is  less  daring  in  attacks  on  other 
kinds,  though  occasionally  predaceous  when  large  and  strong  (as  the 

Baven  and  Crow,  fig.  62):  but  most 
*  conirostrals  '  are  omnivorous,  and 
the  rest  granivorous,  as  the  *  Hard- 
billed  Passerea^  of  Ray.  When  the 
cone  is  attenuated  and  lengthened 
Beaofaoi^vr  out,  fig.  63,  it  is  adapted  to  extract 
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delicate  insects  from  the  recesses  of  trees  and  flowers :  and  the 
type  •tenuirostrals'  (^TrochilidtB)  may  suck  up,  also,  the  sweet 
juice  of  the  nectarium. 

The  Fwirostrahy  fig.  64,  like  the  Humming-birds,  feed  on  the 


Beak  of  Hnmnilnr-blrd 
{Ortkorkfftau). 


Roitrniii  of  the  (kprlmnlgni. 


wing,  but  as  their  food  consists  of  volant  insects,  the  form  of  the  beak 
is  modified  accordingly,  and  is  remarkable  for  its  shortness  and 
the  wideness  of  its  gape,  fig.  64,  especially  in  the  typical  families. 
In  these  the  mode  of  catching  the  prey  is  conformable  to  their 
distinguishing  characters ;  they  receive  it  in  full  flight  into  the 
cavity  of  their  mouths,  which  remain  open  for  that  purpose,  and 
where  a  viscous  exudation  within,  and  a  strong  fence  of  *  vibrissie ' 
on  the  exterior,  assist  in  securing  the  victim. 

A  strong,  trenchant  and  pointed,  but  elongated  and  straight, 
bill  serves  to  cut  and  pierce,  and  characterises  many  Waders 
preying  upon  reptiles,  fishes,  and  animals  that  offer  some  resist- 
ance :  such  a  beak  is  found  in  the  Herons  and  Bitterns.  As  it 
becomes  more  lengthened  and  attenuated  it  is  adapted  to  prey  of 
a  lower  grade  of  life,  and  to 
get  at  these  it  is  endowed 
with  a  specially  sensitive 
apex.  In  the  Ibis  and  Cur^ 
lew  such  a  beak  is  curved 
down,  fig.  3 :  in  the  Jabiru, 
fig.  65,  it  is  bent  up.  Some 
trenchant  bills  are  so  com- 
pressed as  to  resemble  the  Buiofthejabint 
blade  of  a  knife ;  these  offer  least  resistance  in  the  swift  pursuit  of 
fishes,  and  are  seen  in  the  Awks,  Puffins,  and  Coultemebs,  in  which 


Dill  of  the  Skimmer. 


latter  the  beak  may  be  as  deep  as  it  is  long.     The  Skimmer 
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{Rhyncops)  has  the  further  peculiarity  of  an  inequality  in  the  length 
of  the  two  mandibles^  the  upper  one  being  the  shortest,  fig.  66,  so 
that  this  sea-bird  gets  its  food,  which  consists  of  floating  marine 
animals,  by  pushing  and  tilting  them  within  the  action  of  the 
upper  blade  as  it  swims  along. 

A  sharp-edged  beak  may  be  as  remarkable  for  transverse  ex- 
tension and  depression,  or  horizontal  flat- 
tening :   and  such  a  form  serves  for  cap- 

-^— ^  turing  fishes  and  reptiles :  it  is  seen  in 

(O    the   Boatbills  of  South  America  {Can- 
croma)y  fig.  67,  and  of  Nubia  (^Balceni- 
ceps). 
„...  ,,„,.,.  Of  the  blunt-edged  bills  we  may  first 

BUI  of  the  BoatbllL  ,  i  .   ?  /i  i     i         • 

notice    those  which   are   flattened   hori- 
zontally.    When  a  bill  of  this  description  is  long  and  strong. 


Bill  and  pondi  of  the  Pelican. 


as  in  the  Pelican,  fig.  68,  it  serves  to  seize  large  but  feebly 
resisting  fishes. 

When  it  is  long  and  weak,  as  in  the  Spoonbill,  which  derives 
its  name  from  the  dilated  extremity  of  the  mandibles,  it  is  only 

available  to  seize  amid  sand,  mud, 
or  water,  very  small  Crustaceans, 
Mollusks,  &c.,  fig.  69. 

The  more  or  less  flattened  bills 
of  Ducks,  the  more  conical  ones 
of  Geese  and  Swans,  and  that 
of  the  Flamingo,  of  which  the  extremities  of  the  mandibles  are 
bent  downwards  abruptly,  fig.  70,  have  all  transverse  homy 
laminse  arranged  along  their  edges,  which  when  the  bird  has 
seized  any  object  in  the  water,  serve,  like  the  whalebone  laminas 


BiU  of  the  Spoonbill. 
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of  the  Whale,  to  give  passage  to  the  superfluous  fluid.  The 
aquatic  habits  of  all  these 
birds  are  in  harmony  with 
this  structure.  But  the  long- 
legged  palmiped  sifts  the  sand 
of  the  searshore  by  raking  it  | 
up  with  the  bill  reversed,  as 
shown  in  fig.  14.  In  the 
Goosanders  {Mergusy  fig.  71), 
the  lateral  laminse  are  de- 
veloped into  small  conical 
reflected  tooth-like  processes, 
which  serve  to  hold  fast  the 
fishes  on  which  they  feed.  ^"*  ^' ''''  '^'"^• 

The  bills  of  the  Toucans  and  Hombills  are  remarkable  for 
their  enormous  size,  which  is  sometimes  equal  to  that  of  the 
whole  bird.  The  substance  of  the 
beak  in  these  cases  is  extremely 
light  and  delicately  cellular ;  yet 
the  osseous  portions  are  adapted 
to  combine,  with  great  bulk,  a 
due  degree  of  strength.  The 
external  parietes  are  extremely 
thin,  especially  in  the  upper  beak :  they  are  elastic,  and  yield 
in  a  slight  degree  to  moderate  pressure,  but  present  consider- 
able resistance  if  the  force  be  increased  for  the  purpose  of 
crushing  the  beak :  they  gain  thickness  at  the  points  of  the  man- 
dibles. 

On  making  a  longitudinal  section  of  the  upper  mandible, 
fig.  53,  a,  its  base  is  seen  to  include  a  conical  cavity  about  two 
inches  in  length  and  one  inch  in  diameter,  with  the  apex  directed 
forward.  The  walls  of  this  cone  consist  of  an  osseous  network, 
intercepting  irregular  angular  spaces,  varying  in  diameter  from 
half  a  line  to  two  lines.  From  the  parietes  of  the  cone  a  net- 
work of  bony  fibres  is  continued  to  the  outer  parietes  of  the 
mandible,  the  fibres  which  immediately  support  the  latter  being 
almost  invariably  at  right  angles  to  the  part  in  which  they  are 
inserted.  The  whole  of  the  mandible  anterior  to  the  cone  is 
occupied  with  a  similar  network,  the  meshes  of  which  are  largest 
in  the  centre  of  the  beak,  in  consequence  of  the  union  which 
takes  place  between  different  small  fibres  as  they  pass  from  the 
circumference  inwards.  The  principle  of  the  cylinder  is  intro- 
duced into  this  structure :  the  smallest  of  the  supporting  pillars 


Bill  of  the  OooMUider. 
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acting  as  a  kind  of  antenna  or  feeler.  A  similar  but  less  deve- 
loped structure  is  found  in  the  tongue  of  the  frugivorous  Touraco. 
In  the  Woodpeckers  the  apex  of  the  homy  sheath,  fig.  74,  77, 
a,  gives  off  at  the  sides  short  pointed  processes  directed  back- 
ward, converting  it  into  a  barbed  instrument  for  holding  fast  the 

insects  which  its  sharp  point 
has    transfixed,    after    the 
strong   beak  has    dislodged 
them     from     their     hiding 
places.     The  comua  (thyro- 
hyals,  ib.  46,  47)  wind  round 
the  back  of  the  head,  and 
converge   as  they  pass  for- 
ward   to   be  inserted   in   a 
c^nal  generally  on  the  right  side  of  the  upper  mandible,  ib.  e. 
The  tongue  of  the  Flamingo  is  almost  cylindrical,  slightly  flat- 
tened above,  and  obliquely  truncate  anteriorly,  so  as  to  corre- 
spond with  the  form  of  the  inferior  mandible.      The  pointed 


Oranlam  and  tongrae  of  a  Woodpecker. 


Tongue    A.  Snipe.     B.  Fieldfare.    0.  Klngflaher.    D.  Goose,   ocxl*. 


extremity  of  the  truncated  part  is  supported  beneath  by  a  small 
homy  plate.  Along  the  middle  of  the  upper  surface  there  is  a 
moderately  deep  and  wide  longitudinal  furrow ;  on  either  side  of 
which  there  are  from  twenty  to  twenty-five  recurved  spines,  from 
one  to  three  lines  in  length.     These  spines  are  arranged  in  an 
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irregular  alternate  series :  the  outer  ones  being  the  smallest^ 
which  may  aknost  be  considered  as  a  distinct  row.  At  the  pos- 
terior part  of  the  tongue  there  are  two  groups  of  smaller  reciun- 
bent  spines  directed  towards  the  glottis.  The  substance  of  the 
tongue  is  not  muscular,  but  is  chiefly  composed  of  an  abundant 
elastic  cellular  substance,  permeated  by  an  oily  fat.*  Of  like 
nature  is  the  tongue  in  Anserines :  but  die  retroverted  spines  are 
marginal,  fig.  75,  D.  The  tongue  of  the  great  Penguin  is  beset 
with  homy  spines  like  a  hedgehog's  skin. 

In  the  Raptores  the  tongue  is  of  a  moderate  length,  broad, 
and  somewhat  thick^  and  has  a  slight  division  at  the  tip.  In  the 
Vultures  its  sides  can  be  voluntarily  approximated  so  as  to  form 
a  canal,  and  its  margins  are  provided  with  retroverted  spines.  In 
the  Raven  it  is  bifid  at  the  apex :  it  is  more  deeply  cleft  in  the 
*  Nutcracker.' 

In  the  Struthious  Birds,  in  many  of  the  Waders,  and  in  the 
PelecanidcBf  the  tongue  is  remarkably  short,  as  it  is  likewise  in 
the  Kingfisher,  fig.  75,  C  In  the  Snipe  it  is  as  remarkable  for  its 
length  and  slendemess,  ib.  A.  In  the  Fieldfare  (Turdus pilaris) 
the  sheath  is  resolved  into  fine  filaments  at  the  apex  of  the 
tongue,  ib.  b. 

In  the  Parrots  the  tongue  is  thick  and  fleshy,  is  terminally 
tufted  in  Lories,  serves  admirably  to  keep  steady  the  nut  or  seed 
upon  which  the  strength  of  the  mandibles  is  exerted,  and  is  applied 
to  the  kernel  so  extracted,  as  if  to  ascertain  its  sapid  qualities. 

The  following  are  the  muscles  of  the  tongue  in  Birds. 


Mosdet  of  the  tonarne  of  the  Fieldfare  (.Turdm  pUarit), 

1st.  The  Mylo-hyoideus:  this  is  a  thin  layer  of  fibres  attached  to 
the  lower  and  inner  border  of  the  lower  jaw,  and  running  trans- 
versely to  a  mesial  tendon  which  separates  them,  and  extends  to 
the  urohyal.     It  raises  the  tongue  towards  the  palate. 

2nd.  The  Stylo-hyoideusy  fig.  76,  a,  arises  from  the  upper  and 
back  part  of  the  lower  jaw,  and  is  inserted  into  the  thyrohyal  at 

'  xxr. 
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its  junction  with  the  basihyaL  In  some  birds  it  divides  into  three 
or  more  portions :  the  posterior  descends  obliquely  forward,  and 
is  inserted  into  the  tendinous  commissure  of  the  my lohyoideus : 
the  middle  portion  is  inserted  into  the  urohyal :  the  anterior  £u- 
ciculus  is  inserted  into  the  side  of  the  baeihyal  above  the  trans- 
verse hyoglossus.  The  actions  of  these  different  portions  vary 
according  to  their  insertion ;  the  first  and  second  depress  the  apex 
of  the  tongue  by  raising  the  urohyal,  the  third  raises  the  tongue 
and  draws  it  to  one  side  when  it  acts  singly. 

3rd.  The  Genio-hyoideus,  fig.  76,  b :  this  arises  by  two  fleshy 
bands  from  the  lower  and  internal  edge  of  the  lower  jaw ;  these 
unite,  pass  backward,  and  surround  the  comua  (thyrohyals) ;  and 
as  they  draw  them  forward  protrude  the  tongue  firom  the  beak. 

4th.  The  Cerato-hyoideus :  this  passes  fi^m  the  thyrohyal  to 
the  urohyal,  and  is  ^erefore  subservient  to  the  lateral  move- 
ments of  the  tongue. 

5th.  The  Stemo-hyoideii  these  are  replaced  by  a  slip  of 
muscle  which  extends  from  the  anterior  surface  of  the  upper 
larynx  to  be  attached  to  the  base  of  the  glossohyal. 

6th.  A  small  and  short  muscle,  which  is  single  or  a^goe ;  it 
passes  from  the  basihyal  to  the  under  part  of  the  glofisohyal;  it 
depresses  the  tip  of  the  tongue  and  elevates  its  base. 

7th.  A  short  muscle,  fig.  75,  c,  which  arises  from  the  junction 
of  the  basihyal  with  the  urohyal,  and  is  inserted  into  the  thyro- 
hyal.* 

All  these  muscles  are  remarkably  large  in  the  Woodpecker,  in 
which  there  is  a  singular  pair  of  muscles  that  may  be  termed 
Cerato-tracheales  (fig.  77,  h).  They  arise  from  the  trachea 
about  eight  lines  from  the  upper  larynx,  twist  four  times  8|MraUy 
round  the  trachea,  and  then  pass  forward  to  be  inserted  into  ike 
base  of  the  thyrohyals.  This  is  the  principal  retractor  of  the 
singular  tongue  in  this  species. 

§  147.  Salivary  Glands. — The  salivary  organs,  being  in  general 
developed  in  a  degree  corresponding  to  the  extent  of  the  changes 
which  the  food  undergoes  in  the  mouth,  and  the  length  of  time 
during  which  it  is  there  detained,  are  by  no  means  so  conspicuous 
a  part  of  the  digestive  system  in  Birds  as  in  Mammals.  Gbunds 
which  pour  out  their  secretion  upon  the  food  prior  to  deglutition 
are,  however,  met  with  in  every  bird,  but  vary  in  number,  poaiticmy 
and  complexity  of  structure. 

In  some  species,  as  the  Crow,  they  are  of  the  simplest  stmo* 
ture,  consisting  of  a  series  of  unbranched,  cone-shaped  foUidea  or 
■  Dr.  Salter  propoMt  the  name  of '  Cerato-glossal '  for  this  mofcle.    ogzl*.  pw  1140. 
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tubules^  opening  separately  upon  the  mucous  membrane  of  the 
mouth,  along  the  sides  of  which  cavity  they  are  situated.  They 
pour  out  a  viscid  mucus,  and  ^^ 

are  the  only  traces  of  a  sali- 
vary system  met  with  in  this 
bird. 

In  many  other  birds,  and 
especially  in  the  Scratching, 
Wading,  and  Swimming  Or- 
ders, glands  of  the  conglo- 
merate structure  are  found 
beneath  the  lower  jaw,  an- 
swering to  the  submaxillary 
glands  of  quadrupeds. 

In  the  Goose  they  occupy 
the  whole  of  the  anterior  part 
of  the  space  included  by  the 
rami  of  the  lower  jaw,  being 
of  an  elongated  form,  flat- 
tened and  closely  united  to- 
gether at  the  middle  line.  On 
either  side  of  this  line  the 
mucous  membrane  of  the 
mouth  presents  internally  a 
series  of  pores,  each  of  which 
is  the  terminal  orifice  of  a 
distinct  gland  or  aggregate  of 
ramified  ducts. 

A  third  and  higher  form  of 
salivary  gland,  in  which  the 
secretion  of  the  conglomerate 
mass  is  conveyed  into  the 
mouth  by  a  single  duct,  is 
found  in  the  Woodpeckers 
and  some  species  of  die  Ra- 
pacious Order.  In  the  latter 
birds  these  glands  are  termed, 
from  their  situation,  anterior 
palatine  I  in  the  Pic<B  they 
correspond  to  the  parotid  and 
sublingual  of  Quadrupeds. 

The  sublingual  glands  of 
the  Woodpecker,  fig.  77,  t.  A,  are  of  extraordinary  size,  extending 


Tonffoo  and  lallvarj  glands,  Woodpecker. 
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from  the  angle  to  the  symphysis  of  the  lower  jaw.  The  single 
ducts  of  each  gland  unite  just  before  their  termination^  which  is 
a  simple  orifice  at  the  apex  of  the  mouth. 

Besides  the  preceding,  which  may  be  considered  as  the  true 
salivary  glands,  there  are  numerous  accessory  follicles  in  different 
parts  of  the  oral  apparatus  of  Birds.  In  the  Waterhen  (Gallic 
nula  chloropus)  there  is  a  series  of  ccecal  glandular  tubes  along 
each  side  of  the  tongue :  similar  elongated  follicles  are  situated 
along  the  margin  of  the  lower  jaw,  resembling  in  their  parallel 
pectinated  disposition  the  branchiae  of  Fishes.  In  the  Goose  the 
corresponding  follicles  are  longer  and  wider,  and  are  situated  near 
the  sides  of  the  tongue.  In  the  Raven  these  mucous  follicles  are 
narrower  but  longer.  The  glandular  structures  supplying  the 
mouth  in  Birds  may  be  summed  up  under  the  following  heads : 
'folliculi  linguales,'  ^glandulse  sublinguales,'  ^  glandulse  submaxil- 
lares '  (Pici,  Raptores,  Rasores,  Aptenodytes)^  *  glandulae  anguli 
oris '  (Swan,  Cantores,  Diurnal  Raptores) ;  ^  folliculi  pr^lottidei ; ' 
'  folliculi  post-nasales,'  i.e.,  opening  behind  the  posterior  nostrils ; 
'  amygdalse,'  or  close-set  groups  of  follicles,  in  two  rows,  opening 
behind  the  eustachian  outlet. 

§  148.  Alimentary  Canal.  — The  food,  after  being  imbued  with 
the  secretion  of  the  preceding  glands,  is  poised  upon  the  tongue  and 
swallowed,  partly  by  means  of  the  pressure  of  the  tongue  against 
the  palate,  partly  by  a  sudden  upward  jerk  of  the  head.  The  pos- 
terior apertures  of  the  nostrils  being  generally  in  the  form  of  narrow 
fissures  are  undefended  by  a  soft  palate  or  uvula;  and  the  laryngeal 
aperture,  which  is  of  a  similar  form,  is  in  like  manner  unprovided 
with  an  epiglottis,  but  is  defended  by  the  retroverted  papillse  at  the 
base  of  the  tongue.  In  many  Birds,  indeed,  as  the  Albatross  and 
Coot,  there  is  a  small  cartilage  in  the  usual  place  of  an  epiglottis, 
but  insufficient  to  cover  more  than  a  very  small  part  of  the  laryn- 
geal aperture.^  The  surface  of  the  mouth  is  rarely  smooth  above, 
conunonly  provided  with  retroverted  papillae :  similar  mechanical 
helps  to  the  right  course  of  the  food  occur  at  or  near  the  fauces, 
in  addition  to  those  already  noted  on  the  tongue.  The  width  of 
the  mouth  in  CaprimulguSy  and  the  length  and  depth  due  to  the 
mandibular  pouch  in  the  Pelican,  are  remarkable.  The  extensi- 
bility of  the  membrane  between  the  rami  of  the  lower  jaw  admits 
of  its  formation  into  a  bag,  fig.  68,  a,  which  is  calculated  to  con- 
tain ten  quarts  of  water,  and  serves  as  a  receptacle  for  fishes, 
making  in  that  state  a  conspicuous  appendage  to  the  huge  bill ; 

'  For  these  stractnres  in  Birds,  see  xxxvn*.  p.  613. 
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when  empty  it  can  be  contracted  so  as  to  be  hardly  visible.  By 
means  of  this  mechanism  a  quantity  of  food  can  be  transported  to 
the  young ;  and,  as  in  disgorging  the  bleeding  fishes  the  parent 
presses  the  bottom  of  the  sac  against  her  breast,  this  action  has 
probably  given  rise  to  the  fable  of  her  wounding  herself  to  nourish 
the  young  with  her  own  blood. 

The  Swift  presents  an  analogous  dilatation  of  the  faucial  mem- 
brane at  the  base  of  the  lower  jaw  and  upper  part  of  the  throat  : 
it  is  most  developed  at  the  period  of  rearing  the  young,  when  it 
is  generally  found  distended  with  insects  in  the  old  birds  that  are 
shot  while  on  the  wing.  A  similar  structure  obtains  in  the  Kook, 
and  probably  in  other  Insectivorous  Birds.  It  is  notable  in  the 
Nutcracker  (  Caryocatactes) ;  which,  descending  from  its  favourite 
snowy  altitudes,  may  be  seen  to  return  with  a  swelling  like  an 
enormous  goitre  as  big  as  the  head,  formed  by  the  gular  pouch, 
crammed  with  nuts.' 

The  oesophagus,  J?,  fig.  94,  a,  fig.  78,  like  the  neck,  is  usually 
very  long  in  Birds :  as  it  passes  down,  it  generally  inclines  to- 
ward the  right  side;  it  is  partially  covered  by  the  trachea,  G, 
fig.  94,  and  connected  to  the  surrounding  parts  by  a  loose  cellu- 
lar tissue.  It  is  wide  and  dilatable,  corresponding  to  the  imper- 
fection of  the  oral  instruments  as  comminutors  of  the  food.  In 
the  rapacious,  and  especiaUy  in  the  piscivorous  Birds,  it  is  of  great 
capacity,  enabling  the  latter  to  swallow  the  fishes  entire,  and 
serving  also  in  many  Waders  and  Swimmers  as  a  temporary  re- 
pository of  food. 

When  the  Cormorant  has  by  accident  swallowed  a  large  fish, 
which  sticks  in  the  gullet,  it  has  the  power  of  inflating  that  part 
to  its  utmost,  and  while  in  that  state  the  head  and  neck  are 
shaken  violently,  in  order  to  promote  its  passage.  In  the  Gannet 
the  oesophagus  is  extremely  capacious,  and,  as  the  skin  which 
covers  it  is  equally  dilatable,  five  or  six  herrings  may  be  contained 
therein.  In  both  these  species  it  forms  one  continued  canal  with 
the  stomach.  In  the  Flamingo,  on  the  contrary,  the  diameter  of 
the  gullet  does  not  exceed  half  an  inch,  being  suited  to  the 

>  When  writing  the  article  AvEs  for  the  •  Cyclopedia  of  Anatoni//  in  1835,  I  had 
not  dissected  a  male  Bastard,  and  introduced  the  old  figure  from  *  Edwards's  Nat  Hist, 
vol.  ii.  tab.  73  (1747),'  fig.  54,  with  the  current  story  of  the  sob-gnlar  water-pooch, 
which  Edwards  derived  from  the  anatomist  Donglas.  In  1848  I  had  the  desired 
opportanitj  and  made  the  preparation,  No.  772,  q,  described  in  the  '  Physiological 
Catalogue  of  the  Hunterian  Collection.'  The  supposed  gular  pouch  is*a  large  ccrTical 
air-cell,  fig.  54,  a,  capable  of  inflation  and  singularly  swelling  oat  the  neck  in  the 
amorous  male  Bustard.    See  xxxyiii'. 
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smallness  of  the  objects  which  constitute  the  food  of  this  spe* 
cies. 

Besides  deglutition^  the  oesophagus  is  frequently  concerned  in 
regurgitation;  and  in  the  Birds  in  which  this  phenomenon  occurs^ 
the  muscular  coat  of  the  gullet^  like  that  in  Ruminants,  is  well  de- 
veloped. The  Raptoresy  for  example,  habitually  regurgitate  the 
bones,  feathers,  and  other  indigestible  parts  of  their  prey,  which, 
in  the  language  of  Falconry,  are  called  *  castings.'  I  have  ob- 
served a  Toucan  to  regurgitate  partially  digested  food,  and  after 
submitting  it  to  a  rude  kind  of  mastication  by  its  enormous  beak, 
again  to  swallow  it. 

The  oesophagus  possesses  an  external  cellular  covering,  a  mus- 
cular coat,  an  internal  vascular  tunic,  and  a  cuticular  lining.  The 
muscular  coat  consists  of  two  layers  of  fibres;  in  the  external 
stratum  they  are  transverse,  fig.  81,  a,  in  the  internal  longitu- 
dinal, ib.  h.  The  mucous  coat  is  generally  disposed  in  lonp- 
tudinal  folds,  rarely  connected  by  transverse  folds;  still  more 
rarely  villous,  as  in  the  Ostrich.* 

In  those  Birds  which  are  omnivorous,  as  the  Toucans  and 
Hombills,  in  the  frugivorous  and  insectivorous  Birds,  and  in 
most  of  the  Grallatoresy  which  find  their  food  in  tolerable  abun- 
dance and  take  it  in  small  quantities  without  any  considerable 
intermission,  it  passes  at  once  to  the  stomach  to  be  there  suc- 
cessively digested,  and  the  gullet  presents  no  partial  dilatations 
to  serve  as  a  temporary  reservoir  or  macerating  receptacle.     But 

in  the  larger  Raptorial 
Birds,  as  the  Eagles  and 
Vultures,  which  gorge  them- 
selves at  uncertain  intervals 
from  the  carcases  of  bulky 
prey,  the  oesophagus  does  not 
preserve  a  uniform  width, 
but  undergoes  a  lateral  di- 
latation anterior  to  the  fur- 
culum  at  the  lower  part  of 
the  neck.  This  pouch  is 
termed  the  ingluvies  or 
cropi  fig.  78,  b. 

In  those  Birds,  again,  the 
food  of  which  is  exclusively 
of  the  vegetable   kind,   aa 

DlgOBtire  canal  of  an  Eagle.  graiuS     and    SCCds,      and    of 


78 


zx*.  yol.  i.  p.  125,  prep.  no.  458. 
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DIgMtlve  canal.  Oommon  Fowl 


which  consequently  a  great  quantity  must  be  taken  to  produce 
the  adequate  supply  of  nutriment^  and  where  the  cavity  of  the 
gizzard  is  very  much  dimi- 
nished by  the  enormous 
thickness  of  its  muscular 
coat,  the  crop  is  more  de- 
veloped, and  takes  a  more 
important  share  in  the  di- 
gestive process.  Instead 
of  a  gradual  lateral  dilata- 
tion of  the  gullet,  it  as- 
sumes the  form  of  a  glo- 
bular or  oval  receptacle 
appended  to  that  tube,  and 
rests  upon  the  elastic  fascia 
which  connects  the  clavi- 
cles or  two  branches  of  the 
furculum  together. 

In  the  Common  Fowl  the  crop  is  of  large  size  and  single, 
fig.  79,  hy  but  in  the  Pigeon  it  is  double,  consisting  of  two  lateral 
oval  cavities,  fig.  80,  by  c. 

The  dilatation  of  the 
oesophagus  to  form  the 
crop  is  more  gradual  in  the 
Ducks  than  in  the  Galli- 
naceous Birds.  The  crop 
is  wanting  in  the  Swans 
and  Geese ;  but  is  present 
in  that  modified  Anserine, 
the  Flamingo. 

The  disposition  of  the 
muscular  fibres  of  the  crop 
is  the  same  as  in  the  oeso- 
phagus, but  the  mucipar- 
ous follicles  of  the  lining 
membrane  are  larger  and 
more  numerous.  This  dif- 
ference is  most  conspicuous 
in  the  ingluvies  of  the 
granivorous  Birds,  where 
it  is  not  merely  a  tempo- 
rary reservoir,  but  in  which 
the  food  is  mixed  with  the  abundant  secretion  of  the  glands,  and 


Crop  of  a  Pigeon. 


180  ANATOMY   OF  VERTEBRATES- 

becomes  softened  and  macerated,  and  prepared  for  the  triturating 
action  of  the  gizzard  and  the  solvent  power  of  the  gastric  secretion. 

The  change  which  the  food  undergoes  in  the  crop  is  well  known 
to  bird-fanciers.  If  a  Pigeon  be  allowed  to  swallow  a  great 
quantity  of  peas,  thej  will  swell  to  such  an  extent  as  almost  to 
suflPocate  it. 

The  time  during  which  the  food  remains  in  the  crop  depends 
upon  its  nature.  In  a  common  Fowl  animal  food  will  be  detained 
about  eight  hours,  while  half  the  quantity  of  vegetable  substances 
will  remain  from  sixteen  to  twenty  hours.  Hunter  made  many 
interesting  observations  on  the  crop  of  Pigeons,  which  takes  on  a 
secreting  function  during  the  breeding  season,  for  the  purpose  of 
supplying  the  young  pigeons  in  the  callow  state  with  a  diet  suit- 
able to  their  tender  condition.^  An  abundant  secretion  of  a 
milky  fluid  of  an  ash-grey  colour,  which  coagulates  with  acids 
and  forms  curd,  is  poured  out  into  the  crop  and  mixed  with  the 
macerating  grains.  This  phenomenon  is  the  nearest  approach  in  the 
class  of  Birds  to  the  characteristic  mammary  function  of  a  higher 
class ;  and  the  analogy  of  the  ^pigeon's  milk'  to  the  lacteal  secretion 
of  the  Mammalia  has  not  escaped  popular  notice.  In  fig.  80,  one 
side  of  the  crop,  i,  shows  the  ordinary  structure  of  the  parts,  the 
other,  c,  the  state  of  the  cavity  during  the  period  of  rearing  the 
young.  The  secretion  consists  of  proteine  with  oil,  but  contiuns 
no  sugar  of  milk  nor  fluid  caseine. 

The  canal  continued  from  the  ingluvies  to  the  stomach  is  called 
the  lower  ossophagus ;  at  its  commencement  it  is  narrower  and 
more  vascular  than  that  part  which  precedes  the  crop,  but 
gradually  dilates  into  the  first  or  glandular  division  of  the 
stomach,  which  is  termed  the  *  proventriculus'  (ventriculus  sue- 
centuriatusy  hulbus  glandulosusy  echinus,  infundibulum),  figs.  78, 
79,  80,  c. 

The  proventriculus  of  the  Bird,  like  the  spiral  valve  of  the 
Shark,  is  an  alimentary  surface  packed  into  the  smallest  space : 
in  the  latter  the  membrane  is  chylific,  in  the  former  chymific  or 
digestive :  every  follicle  is,  in  fact,  a  portion  of  the  peptic  secret- 
ing surface,  with  its  gastric  tubuli  at  right  angles  thereto ;  the 
surface  being  moulded  to  form  either  a  simple  or  compound 
cavity. 

In  birds  with  a  wide  oesophagus,  fig.  78,  a,  the  commencement 
of  the  proventriculus  is  not  indicated  by  any  change  in  the 
direction  or  diameter  of  the  tube,  but  only  by  its  greater 
vascularity,  by  the  difference  in  the  structure  of  the  lining  mem- 

*  XCIV.  p.  124. 
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brane,  and  by  the  stratum  of  glands  which  open  upon  its  inner 
surface,  and  which  are  its  essential  characteristic,  fig.  81,  c. 
Hence  it  is  by  some  comparative  anatomists 
regarded  as  a  part  of  the  oesophagus. 

The  proventriculus  varies,  however,  in 
form  and  magnitude  in  different  Birds.  In 
the  Basores  it  is  larger  than  the  oesopha- 
gus, but  much  smaller  than  the  gizzard.  In 
Euphones  ^  it  forms  almost  the  entire  sto- 
mach, the  gizzard  being  minute :  in  Alcedo 
opposite  proportions  prevail.  In  the  Psit- 
tacidcs  and  Ardeidce  (Parrot  and  Stork 
tribe)  it  is  larger  than  the  gizzard,  and  of  a 
different  form.  In  the  Ostrich  the  proventriculus  is  four  or  five 
times  larger  than  the  triturating  division  of  the  stomach,  being 
continued  down  below  the  liver, 
and  then  bent  up  upon  itself 
towards  the  right  side  before  it  T 
terminates  in  the  gizzard,  which  ^ 
is  placed  on  the  right  and  anterior  j 
part  of  this  dilatation.  « 

In  the  majority  of  Birds  the     b 
gastric  follicles  arc  simple,  having 
no  internal  cells,  dilated  fundus, 
contracted   neck;    but    from 
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their  external  blind  extremity 
proceed  with  an  uniform  diameter 
to  their  internal  orifice.  This 
form  obtains  in  the  zoophagous 
and  omnivorous  Birds.  In  the 
Dove-tribe  the  follicles  are  of  a 
conical  shape  ;  in  the  Swan  they 
are  tubuliform ;  in  the  Goose  and 
Turkey  they  present  internal 
loculi ;  in  the  Ostrich  and  Bhea 
these  loculi  are  so  developed  that 
each  gland  forms  a  racemose 
group  of  follicles,  terminating  by 
a  common  aperture  in  the  pro- 
ventriculus. 

The  subjoined  figures  show  the  different  forms  of  the  solvent 
or  proventricular  glands  in  different  Birds. 
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The  gastric  glands  are  variously  arranged. 

Among  the  Raptores^  we  find  them  in  the  Golden  Eagle  dis- 
posed in  the  form  of  a  broad  compact  belt;  in  the  Sparrowhawk 
this  belt  is  slightly  divided  into  four  distinct  portions. 

In  the  Insessores  the  glands  are  generally  arranged  in  a  con- 
tinuous zone  around  the  proventriculus ;  but  in  some  of  the 
Syndactyli^  as  the  Hombill,  the  circle  is  composed  of  the  blending 
together  of  two  large  oval  groups. 

Among  the  Scansores  the  Parrots  have  the  gastric  glands  dis- 
posed in  a  continuous  circle,  which  is  at  some  distance  from  the 
small  gizzard.  In  the  Woodpeckers  the  glands  are  arranged  in  a 
triangular  form,  with  the  apex  towards  the  gizzard.  In  the  Tou- 
can they  are  dispersed  over  the  whole  proventriculus,  but  are 
more  closely  aggregated  near  the  gizzard;  the  lining  membrane  of 
the  cavity  is  reticulate,  and  the  orifices  of  the  glands  are  in  the 
interspaces  of  the  meshes. 

Among  the  Rasores  the  Pigeon  shows  its  affinity  to  the  Pas- 
serine Birds  in  having  the  gastric  glands  of  a  simple  structure, 
and  arranged  in  a  zonular  form :  they  are  chiefly  remarkable  for 
their  large  cavity  and  wide  orifice.  In  the  Common  Fowl  and 
Turkey  the  glands  are  more  complex,  and  form  a  complete 
circle. 

In  the  Cursores  the  arrangement  of  the  glands  is  different  in 
almost  every  genus.  In  the  Ostrich  they  are  of  an  extremely 
complicated  structure,  and  are  extended  in  unusual  numbers  over 
an  oval  space  on  the  left  side  of  the  proventriculus,  which 
reaches  from  the  top  to  the  bottom  of  the  cavity,  and  is  about 
four  inches  broad.  The  Ehea  has  the  solvent  glands  aggregated 
into  a  single  circular  patch,  which  occupies  the  posterior  side  of 
the  proventricular  cavity.  In  the  Emeu  the  gastric  glands  are 
scattered  over  the  whole  inner  surface  of  the  proventriculus,  and 
are  of  large  size ;  they  terminate  towards  the  gizzard  in  two 
oblique  lines.  In  the  Cassowary  the  glands  are  dispersed  over 
the  proventriculus  with  a  similar  degree  of  uniformity;  but  they 
are  smaller,  and  their  lower  boundary  is  transverse.  In  the 
Apteryx  the  glands  occupy  its  whole  circumference,  opening  in 
the  meshes  of  a  reticulate  surface.^ 

Among  the  Grallatores^  the  Marabou  (  Ciconia  argala)  has  the 
nearest  affinity  to  the  Khea  in  the  structure  and  disposition  of 
the  gastric  glands ;  they  are  each  composed  of  an  aggregate  of 
five  or  six  follicles,  terminating  in  the  proventriculus  by  a  com- 


GIZZARD   OF   BIRDS.  163 

mon  aperture ;  and  they  are  disposed  in  two  compact  oval  masses^ 
one  on  the  anterior,  the  other  on  the  posterior  surface  of  the 
cavity.  In  the  Heron  (^Ardea  cinered)  the  solvent  glands  are  of 
more  simple  structure,  and  are  more  dispersed  over  the  proven- 
triculus ;  but  still  they  are  most  numerous  on  the  anterior  and 
posterior  surfaces.  In  the  Flamingo  the  gastric  glands  are  short 
and  simple  follicles,  arranged  in  two  large  oval  groups,  which 
blend  together  at  their  edges. 

The^Natatores  present  considerable  differences  among  them- 
selves in  the  disposition  of  the  solvent  glands.  In  the  Cormorant 
{Phalacrocorax  carho)  they  are  arranged  in  two  circular  spots, 
the  one  anterior,  and  the  other  posterior ;  while  in  the  closely 
allied  genus  Sulay  or  Grannet,  they  form  a  complete  belt  of 
great  width,  and  consequently  are  extremely  numerous.  In  this 
respect  the  (rannet,  or  Solan  Goose,  shows  a  nearer  affinity  to 
the  Pelican. 

In  the  Sea-Gulls  the  gastric  glands  form  a  continuous  zone ; 
and  in  the  Little  Awk  (Alca  alle)  they  are  spread  over  a  great 
proportional  extent  of  surface,  and  the  form  of  the  digestive 
organs  is  peculiar.  The  proventriculus  is  continued  from  the 
cEsophagus,  with  very  gradual  enlargement,  below  the  liver,  and 
is  then  bent  up  to  the  right  side,  and  terminates  in  the  gizzard. 
The  solvent  glands  are  situated  at  the  anterior  or  upper  part  of 
the  cavity  everywhere  surrounding  it,  but  lower  down  they  lie 
principally  upon  the  posterior  surface,  and  where  it  is  bent 
upward  toward  the  right  side  they  are  entirely  wanting.  In  the 
graminivorous  lamellirostral  Water-birds,  as  the  Swan,  Goose, 
&c.,  the  gastric  glands  have  a  simple  elongated  exterior  form,  but 
have  an  irregular  or  cellular  internal  surface :  they  are  closely 
arranged  so  as  to  form  a  complete  zone. 

In  general  the  muscular  or  pyloric  division  of  the  stomach 
called  *  gizzard'  {^igerium^  ventriculus  bulbosus),  immediately 
succeeds  the  glandular  or  cardiac  division ;  but  in  some  Birds,  as 
the  Awk  and  Parrots,  there  is  an  intervening  portion  without 
glands. 

The  gizzard  is  situated  below  or  sacrad  of  the  liver,  on  the  left 
side  of  the  abdomen,  generally  resting  on  the  mass  of  intestines. 
In  the  Owl  the  gizzard  adheres  to  the  membrane  covering  the 
internal  surface  of  the  abdominal  muscles ;  but  in  most  Birds  it 
has  a  more  dorsal  position. 

In  all  Birds  the  gizzard  forms  a  more  or  less  lengthened  sac, 
having  at  its  upper  part  two  apertures  ;  one  of  these  is  of  large 
size,  conununicating  with  the  proventriculus,  figs.  83,  84,  a,  the 
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second  is  in  close  proximity  with,  and  to  the  right  side  of  the  pre- 
ceding, leading  to  the  duodenum,  ib.  o;  below  these  apertures 
the  cavity  extends  to  form  a  cul-de-sac,  c.     At  the  middle  of  the 

anterior  and  posterior  parts 
of  the  cul-de-sac  there  is  a 
tendon,  figs.  78,  79,  e,  from 
which  the  muscular  fibres 
radiate. 

The  differences  in  the 
structure  of  the  gizzard 
resolve  themselves  into  the 
greater  or  less  extent  of 
the  tendons,  and  the  greater 
or  less  thickness  of  the 
muscular  coat,  and  of  the 
lining  membrane. 

In  the  Raptores  the  giz- 
zard, fig.  78,  rf,  assumes 
the  form  of  a  mere  mem- 
branous cavity,  in  accord- 
ance with  the  animal  and 
easily  digestible  nature  of 
their  food.  The  muscular 
coat  is  thin ;  the  fibres  prin- 
cipally radiate  from  small 
tendons,  ib.  €,  and  there  are  some  longitudinal  fibres  beneath  the 
radiating  or  external  layer. 

In  the  Rasores  and  lamellirostral  Natatores  it  exhibits  the 
structure  to  which  the  term  gizzard  can  be  more  appropriately 
applied,  figs.  83,  84.  The  muscular  fibres  are  distinguished  by 
their  unparalleled  density  of  texture  and  deep  colour,  and  are 
arranged  in  four  masses ;  two  are  of  a  hemispherical  form,  and 
their  closely-packed  fibres  run  transversely  to  be  connected  to 
very  strong  anterior  and  posterior  tendons,  fig.  84,  e ;  they  con- 
stitute the  sides  of  the  gizzard,  and  are  termed  the  digastric 
muscles  or  *musculi  laterales,'  fig.  83,  di  between  these,  at  the 
end  of  the  gizzard,  are  the  two  smaller  and  thinner  muscles  called 
*  musculi  intermedii,'  fig.  84,  /.  There  are  likewise  irregular 
bands  placed  about  the  circumference  of  the  gizzard. 

Fig.  83  shows  the  relative  thickness  of  the  musculi  laterales  in 
the  gizzard  of  a  Swan,  and  fig.  84  that  of  the  musculi  intennedii 
and  tendon. 

The  internal  coat  of  the  gizzard,  fig,  84,  c.  A,  is  extremely  hard 
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and  thick,  and  being  of  a  horny  nature,  it  is  liable  to  be  increased 
by  pressure  and  friction,  and  as  it  is  most  subject  to  these  in- 
fluences at  the  parts  of  the  gizzard  opposite  the  musculi  lateraleSj 
two  callous  buttons  are  there  formed,  ib.  g,  g.  It  is  here  that 
the  fibrous  structure  of  the  lining  membrane  can  be  most  plainly 


Olzxard  of  a  Swan.    vir. 


seen :  and  it  is  worthy  of  observation  that  the  fibres  are  not 
perpendicular  to  the  plane  of  the  muscles,  but  oblique,  and  in 
opposite  directions,  on  the  two  sides.  Elsewhere  the  cuticular 
lining  is  disposed  in  ridges  and  prominences,  figs.  84,  85,  A,  which 
vary  in  different  birds,  but  are  pretty  constant  in  the  same  species. 
In  a  Petrel  {Procellaria  glacialis)^  the  lining  membrane  is  dis- 
posed in  a  pavement  of  small  square  tubercles,  like  the  gastric 
teeth  of  some  MoUusks. 

The  cavity  of  the  gizzard  is  so  encroached  upon  by  the  grinding 
apparatus,  that  it  is  necessarily  very  small,  the  two  homy  callo- 
sities having  their  internal  flat  surfaces  opposed  to  one  another, 
like  ^millstones.'  A  crop  is  as  essential  an  appendage  to  this 
structure  as  is  the  *  hopper'  to  the  mill;  it  receives  the  food  as  it 
is  swallowed,  and  supplies  it  to  the  gizzard  in  small  successive 
quantities  as  it  is  wanted.^ 

Between  the  stomach  of  the  carnivorous  Eagle  and  that  of  the 
graminivorous  Swan  there  are  numerous  intermediate  structures, 

*  Thus  we  find  in  Parrots,  where  the  gizzard  is  remarkably  small,  that  a  crop  is 
present.  A  like  receptacle  exists  also  in  the  Flamingo,  in  which  the  gizzard  is  small 
but  strong. 
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but  it  is  necessary  to  observe  that  the  animal  or  vegetable  nature 
of  the  food  cannot  always  be  divined  from  the  different  degrees 
of  strength  in  the  gizzard.  Hardcoated  coleopterous  insects, 
for  example,  require  thicker  parietes  for  tJieir  due  comminution 
than  pulpy  succulent  fruits. 

In  the  subgenus  Euphonesy  among  the  Tanagers,  the  muscular 
or  pyloric  division  of  the  stomach  is  remarkably  small  and  not 
separated  from  the  duodenum  by  a  narrow  pylorus. 

The  parietes  of  the  gizzard,  like  those  of  other  muscular 
cavities,  become  thickened  when  stimulated  to  contract  on  their 
contents  ^vith  greater  force  than  usual.  In  the  Hunterian  col- 
lection this  fact  is  well  illustrated  by  preparations  of  the  gizzard 
of  the  Sea-Gull  in  the  natural  state,  and  that  of  another  Sea-Gull 
which  had  been  brought  to  feed  on  barley.  The  digastric  muscles 
in  the  latter  are  more  than  double  the  thickness  of  tJiose  in  the 
Sea-Gull  which  had  lived  on  fish.* 

The  immediate  agents  in  triturating  the  food  are  hard  foreign 
bodies,  as  sand,  gravel,  or  pebbles. 

Pigeons  carry  gravel  to  their  young.  Gallinaceous  Birds  grow 
lean  if  deprived  of  pebbles ;  and  no  wonder,  since  experiment  • 
shows  that  unless  the  grains  of  corn  are  bruised,  and  deprived  of 
their  vitality,  the  gastric  juice  will  not  act  upon  or  dissolve  them. 
The  observations  and  experiments  of  Hunter  have  completely 
established  the  truth  of  Redi's  opinion,  that  the  pebbles  perform 
the  vicarious  office  of  grinding  teeth. 

Hunter  inferred  from  the  form  of  hair-balls  occasionally  found 
in  the  stomach  of  Cuckoos,^  that  the  action  of  the  great  lateral 
muscles  of  the  gizzard  was  rotatory.  Harvey  appears  to  have 
first  investigated,  by  means  of  the  ear,  as  it  were  in  anticipation 
of  the  art  of  auscultation,  the  actions  which  are  going  on  in  the 
interior  of  an  animal  body,  in  reference  to  the  motions  of  the 
gizzard.  He  observes  (^De  Generatione  Animaliumy  in  Opera 
Omniay  4to,   p.   208),  *  Falconibus,  aquilis,  aliisque  avibus  ex 

*  XX*.  vol.  i.  p.  149,  prep.  622,  d,  and  523. 

'  Grains  of  barlej,  inclosed  in  strong  perforated  tnbcs,  pass  through  the  alimentary 
canal  unchanged.    Dead  meat,  similarly  introdaced  into  the  gizzard,  is  dissoWed. 

'  The  hairs  of  caterpillars  devoured  by  this  bird  are  sometimes  pressed  or  stock 
into  the  horny  lining  of  the  gizzard,  instead  of  being  collected  into  a  loose  ball.  They 
are  then  neatly  pressed  down  in  a  regular  spiral  direction,  like  the  nap  of  a  hat,  and 
have  often  been  mistaken  for  the  natural  structure  of  the  gizzard.  One  of  these  speci- 
mens, exibited  as  such  to  the  Zoological  Society,  was  sent  to  me  for  examination,  when, 
upon  placing  some  of  the  supposed  gastric  hairs  under  the  microscope,  they  exhibited 
the  peculiar  complex  structure  of  the  hairs  of  the  larva  of  the  Tiger-moth  (^Arctia 
caja)^  and  the  broken  surface  of  the  extremity  which  was  stuck  into  the  caticolar 
lining  was  plainly  discernible.     See  Proceedings  o/Zool.  Soc,  1834,  p.  9. 
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preda  viventibus,  si  aurem  prope  admoveris  dum  ventriciilus  je- 
junus  est,  manifestos  intus  strepitus  lapillorum  illuc  ingestorum, 
invicemque  collisorum,  percipias,'  And  Hunter  observes  {Animal 
(Economy 9  Ato,  p.  198),  *  The  extent  of  motion  in  grindstones  need 
not  be  the  tenth  of  an  inch,  if  their  motion  is  alternate  and  in 
contrary  directions.  But  although  the  motion  of  the  gizzard  is 
hardly  visible,  yet  we  may  be  made  very  sensible  of  its  action  by 
putting  the  ear  to  the  sides  of  a  fowl  while  it  is  grinding  its  food, 
when  the  stones  can  be  heard  moving  upon  one  another.'  Tiede- 
mann  believed  that  the  muscles  of  the  gizzard  were  in  some  degree 
voluntary,  having  observed  that  when  he  placed  his  hand  opposite 
the  gizzard,  its  motions  suddenly  stopped. 

The  pyloric  orifice  of  the  gizzard  is  guarded  by  a  valve  in  many 
Birds,  especially  in  those  which  swallow  the  largest  stones.  This 
valve  in  the  Ostrich  is  formed  by  a  rising  of  the  cuticle  divided 
into  six  or  seven  ridges,  which  close  the  pylorus  like  a  grating, 
and  allow  only  stones  of  small  size  to  pass  through.  In  the 
Touraco  the  pylorus  projects  into  the  duodenum  in  a  tubular  form. 
There  is  a  double  valve  at  the  pyloric  orifice  in  the  Gannet,  and 
a  single  large  valvular  ridge  at  the  same  part  in  the  Gigantic 
Crane.  In  this  species  and  some  other  Waders,  as  the  Heron 
and  Bittern;  also  in  the  Pelican,  and,  according  to  Cuvier,  in 
the  Penguin  and  Grebe,  there  is  a  small  but  distinct  cavity  inter- 
posed between  the  gizzard  and  intestine.  The  analogous  struc- 
ture has  been  described  in  the  Crocodile  (vol.  i.  p.  442,  fig. 
298,  g). 

The  intestines  reach  from  the  stomach  to  the  cloaca ;  in  relative 
length  they  are  much  shorter  than  in  the  Mammalia.  In  the 
Toucan,  for  example,  the  whole  intestinal  canal  scarcely  equals 
twice  the  length  of  the  body,  including  the  bill.  The  canal  is 
divided  into  small  and  large  intestines,  sometimes  by  an  internal 
valve,  sometimes  by  the  insertion  of  a  single  coecum,  but  most 
generally  by  those  of  two  cocca,  which  are  always  opposite  to  one 
another.  In  a  few  instances  there  is  no  such  distinction.  The 
small  intestines  and  cocca  are  longest  in  the  vegetable  feeders. 
The  large  intestine  is,  with  one  or  two  exceptions,  very  short  and 
straight  in  all  Birds. 

The  course  of  the  small  intestine  varies  somewhat  in  the  dif- 
ferent orders  of  Birds;  it  is  always  characterised  by  the  elongated 
fold  or  loop  made  by  the  duodenum,  fig.  85,  /,  /,  which  fold  re- 
ceives the  pancreas,  ib.  y,  y,  in  its  concavity. 

In  the  Raptores  the  intestines  are  generally  disposed  as  fol- 
lows:— 
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The  duodenum  fonns  a  long  and  broad  fold,  the  lower  part  of 
which  is  commonly  bent  or  doubled  upon  itself;  the  intestine 
then  passes  backward  on  the  right  side  of  the  abdomen,  crosses  to 
the  left,  and  is  disposed  in  deep  folds  upon  the  edge  of  a  scolloped 


Abdominal  viscera  of  a  Pigeon,   xxxrr . 

mesentery ;  towards  its  termiuation  the  ileum  passes  up  behind 
the  stomach  and  adheres  to  it,  having  here  but  a  narrow  mesen- 
tery ;  then  passing  down  the  posterior  part  of  the  abdomen  the 
ileum  makes  another  loose  fold  and  ends  in  the  rectum,  which  is 
continued  straight  to  the  cloaca.^  In  the  Owls,  the  last  fold  of 
the  ileum  is  nearly  as  long  as  the  duodenal  fold,  and  the  cosca 
adhere  to  each  side  of  the  fold. 

In  the  Diurnal  Raptores  the  intestinal  canal  is  only  twice  the 
length  of  the  body,  except  in  the  fish-eating  Osprey,  in  which  the 
intestines  are  very  narrow,  and  are  to  the  length  of  the  Bird  itself 
as  eight  to  one. 

In  the  Cantores  the  scolloped  folds  of  the  small  intestine  are 
narrower  and  longer  than  in  the  Raptoresy  and  the  ileum  gene- 
rally adheres  to  the  duodenal  mesentery  and  pancreas  instead  of 
to  tlie  stomach,  prior  to  passing  down  to  form  its  last  fold  and  to 
terminate  in  the  rectum.  In  the  Haven  the  small  intestines  are 
disposed  at  their  commencement  in  concentric  folds. 

Among  the  Scansores  the  Cuckoo  presents  the  following  dis- 

>  In  fig.  78,  the  intestines  are  not  represented  according  to  their  natural  arrange- 
ment. 
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position  of  the  intestinal  canal :  after  the  usual  long  and  narrow 
duodenal  fold,  the  ileum  *  makes  a  fold  which  is  widened  at  the  end ; 
it  then  forms  a  close  fold  upon  itself,  at  the  termination  of  which 
the  rectum  commences.  In  the  Maccaw  the  course  of  the  small 
intestine  is  somewhat  peculiar :  after  forming  the  duodenal  fold, 
it  is  disposed  in  three  distinct  packets  of  folds :  the  intestine, 
after  forming  the  first  two,  passes  alternately  from  one  to  the 
other,  describing  shorter  folds  upon  each ;  it  then  forms  the  third 
distinct  fold,  which  is  a  long  one,  at  the  termination  of  which  the 
ileum  adheres  closely  to  the  right  side  of  ihe  gizzard,  and  then 
passes  backward  and  dilates  into  the  rectum. 

In  the  Rasores  the  Dove-tribe  have  the  small  intestines  dis- 
posed in  three  principal  folds ;  the  first  is  the  duodenal  fold,  fig. 
85,/,/;  the  second  is  a  long  and  narrow  fold,  coiled  and  doubled 
upon  itself,  with  the  turns  closely  connected  together,  ib.  k ;  the 
third  is  also  a  long  fold,  which  is  bent  or  twisted,  ib.  k\  In  the 
Common  Fowl  the  duodenum  is  disposed  in  a  long  simple  loop ; 
the  ileum  passes  toward  the  left,  and  is  disposed  in  loose  folds  on 
the  right  and  lower  edge  of  the  mesentery  ;  the  ileum  before  its 
termination  passes  up  behind  the  preceding  folds,  and  is  accom- 
panied as  far  as  the  root  of  the  mesentery  by  the  two  coeca,  which 
there  open  into  the  commencement  of  the  large  intestine. 

The  Ostrich  presents  the  most  complicated  course  of  the  in- 
testinal canal  in  the  whole  class  of  Birds.  The  duodenal  fold  is 
about  a  foot  in  length,  and  the  returning  part  makes  a  bend  upon 
itself  before  it  reaches  the  pylorus ;  the  intestine  then  turns  down 
again  behind  the  duodenal  folds  and  gradually  acquires  a  wider 
mesentery.  The  ileum  after  a  few  folds  ascends  toward  the  left 
side,  accompanied  by  the  two  long  coeca,  and  becomes  again  con- 
nected with  the  posterior  part  of  the  duodenal  mesentery  ;  beyond 
which  the  coeca  enter  the  intestine  behind  the  root  of  the  me- 
sentery, and  the  large  intestine  commences.  This  part  differs 
from  the  rectum  in  other  Birds  in  its  great  extent,  being  nearly 
double  the  length  of  the  small  intestines,  and  being  disposed  in 
folds  upon  a  wide  mesentery.  It  terminates  by  an  oblique  val- 
vular aperture  in  a  large  urinary  receptacle.  In  the  Bustard  the 
rectum  is  a  foot  in  length,  which  is  the  nearest  approach  to  the 
Ostrich  which  the  rest  of  the  class  make  in  this  respect. 

The  small  intestines  in  the  Grallatores  are  characterised  by 
their  small  diameter  and  long  and  narrow  folds ;  these  are  some- 
times extended  parallel  to  one  another,  as  in  the  Crane  and  Coot ; 

*  There  U  Beldom  any  part  of  the  small  intestiiie  empty  80  as  to  merit  the  name  of 
jejunum. 
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or  folded  concentrically  in  a  mass,  as  in  the  Curlew  and  Fla- 
mingo. In  the  latter  species  the  duodenal  fold  is  four  inches 
in  length ;  then  the  small  intestines  are  disposed  in  twenty-one 
elliptical  spiral  convolutions,  eleven  descending  towards  the  rectum 
and  ten  returning  towards  the  gizzard  in  the  interspaces  of  the 
former. 

Many  of  the  Natatores  present  a  concentric  disposition  of  the 
folds  of  the  small  intestines  similar  to  the  Flamingo. 

The  arrangement  of  the  muscular  fibres  of  the  intestine  is  the 
same  as  in  the  oesophagus,  the  external  layer  being  transverse,  the 
internal  longitudinal. 

The  villi  of  the  lining  membrane  manifest  an  analogy  with  the 
covering  of  the  outer  skin,  being  generally  much  elongated,  so  as 
to  present  a  downy  appearance  when  viewed  under  water.  There 
are,  however,  great  varieties  in  the  shape  and  length  of  the  villi 
In  the  Emeu  they  consist  of  small  lamellae  of  the  lining  mem- 
brane folded  like  the  frill  of  a  shirt.  In  the  Ostrich  the  lamellse 
are  thin,  long,  and  numerous.  In  the  Flamingo  they  are  short 
and  arranged  in  parallel  longitudinal  zig-zag  lines. 

In  many  Birds  a  diverticulum  is  observed  in  the  small  in- 
testine, which  indicates  the  place  of  attachment  of  the  pedicle  of 
the  yolk-bag  in  the  embryo,  fig.  79,  m.  We  have  found  this  pro- 
cess half  an  inch  in  length  in  the  Gallinule,  and  situated  seven- 
teen inches  from  the  pylorus :  in  a  Bay  Ibis  {Ibis  falcinella) 
the  vitelline  coecum  was  an  inch  in  length:  in  a  young  female 
Apteryx  it  dilated  into  a  sac,  about  an  inch  in  diameter,  with  a 
yellowish  stratum  of  the  remains  of  the  yolk.* 

The  Birds  in  which  the  cceca  coli  have  been  found  wanting  are 
comparatively  few,  though  such  examples  occur  in  all  the  orders. 
These  exceptions  are  most  frequent  among  the  ScansoreSy  in 
which  the  coeca  are  absent  in  the  Wrynecks,  the  Toucans,  the 
Touracos,  the  Parrot-tribe,  and  according  to  Cuvier  in  the  Wood- 
peckers.* In  the  Insessores  the  coeca  are  deficient  in  the  Hombill 
and  the  Lark.  Among  the  GrallatoreSy  we  have  found  them 
wanting  in  a  Spoonbill.  In  the  Natatores  they  are  absent  in  the 
Cormorant  The  Herons,  Bitterns,  and,  occasionally,  the  Grebes 
afford  the  rare  examples  of  a  single  coecum,  which  is  also  remark- 
ably short 

In  the  Raptores  the  diurnal  and  nocturnal  tribes  differ  re- 
markably in  the  length  of  the  coeca.     They  are  less  liian  half 


'  In  the  Popinjaj  (Picus  viridU^  Linn.)  we  have  found  two  small  oceca,  so  dosel/ 
adhering  to  the  intestine  as  easily  to  be  overlooked. 
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an  inch  in  length  in  the  Eagles  and  Vultures,  but  are  occa- 
sionally wanting  in  the  latter.  Cuvier  states  that  the  coeca  are 
deficient  in  ihe  greater  part  of  the  Diurnal  Raptores,  but  we  have 
observed  them  in  the  Halicetus  Albicilla^  Aquila  Chrysatos^  Astur 
palumbaritiSy  and  Buteo  nisus.  Thej  seldom  exceed  the  length 
above  mentioned,  fig.  78,  ^,  and  in  the  Secretary  Vulture  they 
form  mere  tubercles.  In  the  Bam  Owl  the  cocca  severally 
measure  nearly  two  inches  in  length,  and  are  dilated  at  their 
blind  extremities;  they  are  proportionally  developed  in  the 
larger  Strigidce. 

In  the  Cantores  they  are  invariably  very  short  where  present. 
Among  the  Scansorial  genera  which  possess  tJie  coeca,  these  parts 
are  found  to  vary  in  length,  measuring  in  the  Cuckoo  and  Wattle- 
bird  ( Glaucopis)y  each  half  an  inch ;  while  in  the  Scythrops,  or 
New  Holland  Toucan,  the  coeca  are  each  two  inches  long,  and 
moderately  wide. 

In  the  Rasores  the  coeca  present  considerable  varieties.  In  the 
Pigeons,  fig.  85,  y,  they  are  as  short  as  in  the  Insessorial  order, 
and  are  sometimes  wanting  altogether  as  in  the  Crown-Pigeon. 
In  the  Guan  {Penelope  cristata)  each  coecum  is  about  three 
inches  in  length :  while  in  the  Grouse  each  coeciun  measures  a 
yard  long,  being  thus  upwards  of  three  times  the  length  of  the 
entire  body.  The  internal  surface  of  these  extraordinary  ap- 
pendages to  the  alimentary  canal  is  further  increased  in  the 
Grouse  by  being  disposed  in  eight  longitudinal  folds,  which  extend 
from  their  blind  extremities  to  within  five  inches  of  their  termi- 
nation in  the  rectum.  We  have  always  found  the  coeca  in  this 
species  filled  with  a  homogeneous  pultaceous  matter  without  any 
trace  of  the  heather  buds,  the  remains  of  which  are  abundant  in 
the  faecal  matter  contained  in  the  ordinary  tract  of  the  intes- 
tines. 

In  the  Peacock  the  coeca  measure  each  about  one  foot  in 
length ;  in  the  Partridge  about  four  inches ;  in  the  Common  Fowl 
and  other  PhasianidcB  the  coeca  are  each  about  one-third  the 
length  of  the  body  ;  they  commence  by  a  narrow  pedicle,  which 
extends  about  half  their  length,  and  then  they  begin  to  dilate  into 
reservoirs  for  the  chyme,  fig.  79,  y. 

In  the  Cursores  the  coeca  again  present  very  different  degrees 
of  developement.  In  the  Apteryx  the  coeca  are  each  five  inches 
in  length.  In  the  Emeu  they  are  narrow  and  short  In  the 
Cassowary  they  are  wholly  deficient ;  while  in  thA  <  ^hiey 

are  wide,  upwards  of  two  feet  each  in  lengthy  i 
and  absorbing  parietes  are  further  increaied 


172  ANATOMY   OF  VERTEBRATES. 

into  a  spiral  valve,  analogous  to  that  which  exists  in  the  long 
ccBCum  of  the  Hare  and  Rabbit. 

In  the  Grallatores  the  two  coeca  are  generally  short  where 
present ;  they  attain  their  greatest  developement  in  this  order  in 
the  Demoiselle,  where  the  length  of  each  coecum  is  five  inches ; 
and  they  are  also  large  in  the  Flamingo,  where  they  each  mea- 
sure nearly  four  inches,  and  are  dilated  at  their  extremities,  pre- 
senting with  the  gizzard,  crop,  lamellated  beak,  and  webbed  feet, 
tJie  nearest  approach  to  the  AnatidcB  of  the  following  order. 

In  the  NatatoreSy  the  coeca,  where  they  are  present,  vary  in 
length  according  to  the  nature  of  the  food,  being  very  short  in 
the  fish-eating  Penguin,  Pelican,  Gull,  &c.,  and  long  in  the 
Duck,  Goose,  and  other  vegetable-feeding  Lamellirostres.  In 
the  Crested  Grebe  {Podiceps  cristatus)^  each  coecum  measures 
3-16ths  of  an  inch  in  length.  In  the  Canada  Goose  the  coeca 
are  each  nine  inches  in  length,  and  in  the  Whitefronted  Goose 
the  same  parts  measure  severally  thirteen  inches.  They  have 
the  same  length  in  the  Black  Swan.  In  the  Wild  Swan  the  coeca 
measure  each  ten  inches  in  length,  while  in  the  tame  species  they 
are  each  fifteen  inches  long. 

As  digestion  may  be  supposed  to  go  on  less  actively  in  the 
somnolent,  night-flying  Owls,  than  in  the  high-soaring  Diurnal 
Birds  of  Prey,  an  additional  complexity  of  the  alimentary  canal 
for  the  purpose  of  retaining  the  chyme  somewhat  longer  in  its 
passage,  might  be  expected ;  and  the  enlarged  coeca  of  the  Noc- 
turnal Raptores  afford  the  requisite  adjustment  in  this  case.  For, 
although  the  nature  of  the  food  is  the  same  in  the  Owl  ^  as  in  the 
Hawk,  yet  the  differences  of  habit  of  life  call  for  corresponding 
differences  in  the  mechanism  for  its  assimilation. 

In  the  Rasorial  Order ^  where  the  nature  of  the  food  differs  so 
widely  from  that  of  the  Birds  of  Prey,  the  principal  modification 
of  the  digestive  apparatus  obtains  in  the  more  complex  structure 
of  the  crop,  proventriculus,  and  above  all  the  gizzard ;  but  with 
respect  to  the  coeca,  as  great  differences  obtain  in  their  develope- 
ment as  in  the  Raptores.  Now  these  differences  are  explicable 
on  the  same  principle  as  has  just  been  applied  towards  the  eluci- 
dation of  the  differences  in  the  size  of  the  coeca  in  the  Raptores. 
Where  the  difference  in  the  locomotive  powers  is  so  great  in  the 
Dove-tribe  and  the  common  Fowl;  where  the  circulating  and 

>  The  indigestible  parts  of  the  prey  of  the  Owl  do  not  pass  into  the  intestine,  but 
are  regularly  coat  or  regurgitated  from  the  stomach}  the  length  of  the  C6eca  cannot, 
therefore,  be  accounted  for  on  Macartney's  supposition  of  their  being  receivers  of  those 
parts. 
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respiratory  systems  must  be  so  actively  exercised  to  enable  the 
Pigeon  to  take  its  daily  flights  and  in  some  species  their  annual 
migrations — a  less  complicated  intestinal  canal  may  naturally  be 
supposed  with  such  increased  energy  in  the  animal  and  vital 
functions  to  do  the  business  of  digestion,  than  in  the  more  sluggish 
and  terrestrial  v^etable  feeders ;  and  accordingly  we  find  that 
the  requisite  complexity  of  the  intestinal  canal  is  obtained  by  an 
increased  developement  of  the  coecal  processes  in  the  GallincBy 
while  in  the  ColumbidcB  the  coeca  remain  as  little  developed  as  in 
the  InsessoreSy  which  they  resemble  in  powers  of  flight.  If  we 
regard  the  coeca  as  excretive  organs,  their  differences  in  the  above 
orders  may  be  in  like  manner  explained  by  their  relations  to  the 
locomotive  and  respiratory  functions. 

In  the  Cursores  the  developement  of  cccca  seems  to  have  re- 
ference to  the  quantity  of  food,  and  the  ease  with  which  it  may 
be  obtained,  according  to  the  geographical  position  of  the  species. 
In  the  Cassowary,  which  is  a  native  of  fertile  and  tropical  islands, 
New  Guinea,  North  of  Australia,  New  Britain,  &c.,  vegetable 
food  of  a  more  easily  digestible  nature  may  be  selected,  and  it 
need  not  be  detained  long,  where  a  fresh  supply  can  be  so  readily 
procured.  But  in  the  Ostrich,  which  dwells  amidst  arid  sands 
and  barren  deserts,  every  contrivance  has  been  adopted  in  the 
structure  of  the  digestive  apparatus  to  extract  the  whole  of  the 
nutritious  matter  of  the  food  which  is  swallowed. 

In  the  Grallatoresy  where  no  material  differences  of  locomotive 
powers  or  means  of  obtaining  food  exist,  the  coeca  present  in  their 
developement  a  direct  relation  to  the  nature  of  the  food,  and  are 
most  developed  in  the  Gruidce.  The  same  holds  good  in  the 
Natatores. 

Why  the  increased  extent  of  intestinal  surface  in  the  above 
different  cases  should  be  chiefly  obtained  by  the  elongation  of  the 
coeca,  will  appear  from  the  following  considerations.  In  conse- 
quence of  the  stones  and  other  foreign  bodies  which  birds  swallow, 
it  is  necessary  that  there  should  be  a  free  passage  for  these 
through  the  intestinal  canal,  which  is  therefore  generally  short 
and  of  pretty  uniform  diameter.  In  the  omnivorous  Birds  of  the 
tropics,  as  the  Hornbills,  Toucans,  Touracos,  and  Parrots,  which 
dwell  among  ever-bearing  fruit-trees,  the  rapid  passage  of  the 
food  is  not  inconsistent  with  the  extraction  of  a  due  supply  of 
nourishment,  but  is  compensated  by  the  unfailing  abundance  of 
the  supply.  But  where  a  greater  quantity  of  the  chyle  is  to  be 
extracted  from  the  food,  and  where,  from  the  nature  of  the  latter, 
a   greater   proportion   of  foreign   substances  is  required  for  its 
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trituration, — while  the  advantages  of  a  short  intestinal  tract  are 
obtained,  the  chyme  is  at  the  same  time  prevented  from  being 
prematurely  expelled  by  the  superaddition  of  the  two  coecal  bags 
which  communicate  with  the  intestines  by  orifices  that  are  too 
small  to  admit  pebbles  or  undigested  seeds,  but  which  allow  the 
chyme  to  pass  in.  Here,  therefore,  it  is  detained,  and  chylifica^ 
tion  assisted  by  the  secretion  of  the  coecal  parietes,  and  the  due 
proportion  of  nutriment  extracted. 

The  large  intestine  is  seldom  more  than  a  tenth  part  of  the 
length  of  the  body,  and,  except  in  the  Ostrich  and  Bustard,  is 

continued  straight  from  the  coeca 
to  the  cloaca;  it  may  therefore 
be  termed  the  rectum  rather  thap 
the  colon.  It  is  usuaUy  wider 
than  the  small  intestine,  and  its 
villi  are  coarser,  shorter,  and  less 
numerous.  The  rectum,  fig.  86, 
a,  terminates  by  a  valvular  cir- 
cular orifice,  5,  in  a  more  or  less 
dilated  cavity,  which  is  the  re- 
mains of  the  allantois,  and  now 
forms  a  rudimental  urinary  blad- 
der, c,  d.  The  ureters.  A,  A,  and 
efferent  parts  of  the  generative 
apparatus,/,  ^,  open  into  a  trans- 
verse groove  at  the  lower  part  of  the  urinary  dilatation ;  and  be- 
yond this  is  the  external  cavity  which  lodges,  as  in  Reptiles, 
Marsupials  and  Monotremes,  the  anal  glands  and  the  exciting 
organs  of  generation.  The  anal  follicles  in  Birds  are  lodged  in 
a  conical  glandular  cavdty,  A,  which  communicates  with  the  pos- 
terior part  of  the  outer  compartment  of  the  cloaca,  and  has  ob- 
tained from  its  discoverer  the  nalne  of  Bursa  Fabriciu 

§  149.  Liver  of  Birds, — On  the  hypothesis  of  chylificationy  or 
on  that  of  the  formation  of  blood-discs,  or  on  that  of  the  pro- 
duction of  grape-sugar  in  relation  to  the  raising  of  animal  heat, 
being  essential  functions  of  the  liver,  it  might  have  been  expected, 
since  digestion  is  so  much  more  active  and  the  blood  so  much 
more  abundant  and  rich,  and  the  temperature  so  much  higher  in 
Birds  than  in  Reptiles,  that  the  liver  would  be  proportionally 
larger;  but  it  is  not  so.  *  Carefully  ascertained  upon  delicate 
balances,'  the  projwrtionate  weight  of  the  liver  to  the  body  is  the 
same  in  a  Vulture  as  in  a  Tortoise,  in  an  Owl  as  in  a  BuU-4n)g, 
in  a  Curlew  as  in  a  Corn-snake,  in  a  Turkey  as  in  an  Alligator, 


Clottca  of  tlie  Coudor.    xviir. 
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&c/  *  My  own  observations  show  the  Kver  to  be  relatively  largest 
in  the  less  active  aquatic  and  land  birds^  smallest  in  the  birds 
that  fly  best  and  breathe 
most:  compared  in  the  li- 
mits of  the  class  the  liver 
seems  to  be  developed  in- 
versely as  the  lungs  and 
their  appendages,  and  so 
far  as  it  is  associated  with 
the  lungs  in  eliminating 
waste  elements  from  the 
blood,  to  have  less  to  do  in 
that  way,  as  the  breathing 
organs  perform  most. 

The  liver,  figs.  85,  87, 
771,  m,  is  situated  a  little  above 
the  middle  of  the  thoracic 
abdominal  cavity,  with  its 
convex  surface  towards  the 
abdominal  parietes,  and  its 
concavity  turned  towards 
the  subjacent  viscera:  the 
right  lobe  covers  the  begin- 
ning of  the  duodenal  loop, 
pancreas,  and  part  of  the 
small  intestines;  the  left 
lobe  covers  the  proventri- 
culus  and  part  of  the  giz- 
zard ;  and  the  apex  of  the 
heart  is  received  between 
the  upper  ends  of  these 
principal  lobes.  The  liver 
is,  as  it  were,  moulded  upon 
all  these  parts,  and  presents 
corresponding  depressions 
where  it  comes  in  contact  with  them. 

It  is  generally  divided  into  two  nearly  equal  lobes  {Raptores, 


Posterior  view  of  the  biliary  and  pancreatle  duct  In  the 
HombilL   nr. 


*  Namber  of  times  the  weight  of  the  liver  in  that  of  the  bodj : — 
CatharUt  atratus,  47;  Chehnia  eewetta^  47: 
Symium  nebuhaum,  56  ;  Rana  Catethiana,  55 : 
Tantalut  loculator^  64;  Coluber  guttatus,  64: 
MeUagrit  gaUopavo,  70 ;  Alligator  luciuMf  73 : 
and  tee  other  examples,  in  ccxlv.  p.  118. 
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Stork),  which  are  often  separated  for  a  short  extent,  and  con- 
nected together  by  a  narrow  isthmus  of  the  glandular  substance. 
In  some  Birds,  however,  as  in  the  Pigeon,  Cormorant,  Swan,  and 
Goose,  there  is  a  third,  smaller  lobe,  situated  at  the  back  of  the 
liver  between  the  lateral  lobes,  which  from  its  situation  appears 
analogous  to  the  *  lobulus  Spigelii '  of  Mammalia.  In  the  Com- 
mon Fowl  the  left  lobe  is  occasionally  cleft  from  below  so  deeply 
as  to  form  two  lobes  on  that  side.  In  most  species  the  right  lobe 
exceeds  the  left  in  size ;  this  is  remarkably  so  in  the  Bustard,  in 
which  the  right  lobe  extends  into  the  pelvis.^  In  the  Eagle,  how- 
ever, the  left  lobe  is  sometimes  the  largest.  Each  lobe  is  invested 
by  a  double  membranous  tunic,  one  embracing  it  closely,  the 
other  surrounding  it  loosely,  like  the  pericardimn  of  the  heart. 
They  are  formed  by  laminae  of  the  peritoneum,  and  by  the  air- 
cells.  The  two  adherent  layers  are  continued  from  the  base  of 
the  liver,  one  over  the  anterior,  the  other  over  the  posterior  sur- 
face, closely  adhering  to  the  proper  capsule :  the  loose  layers  are 
formed  by  the  hepatic  air-cell,  surrounding  each  lateral  lobe,  the 
thin  border  of  which  is  usually  free. 

The  principal  ligament  of  the  liver  is  formed  by  a  large  and 
strong  duplicature  of  the  peritoneum,  which  divides  the  abdomen 
longitudinally  like  the  thoracic  mediastinum  in  Mammalia.  It  is 
reflected  from  the  linea  alba  and  middle  line  of  the  sternum  upon 
the  pericardium,  and  passes  deeply  into  the  interspace  of  the  lobes 
of  the  liver;  it  is  attached  to  diese  lobes  through  their  whole 
extent,  and  connects  them  below  to  the  gizzard  on  one  side,  and 
to  the  duodenal  fold  on  the  other :  the  lateral  and  posterior  parts 
of  the  livet  are  attached  to  the  contiguous  air-cells ;  and  the 
whole  viscus  is  thus  kept  steady  in  its  situation  during  the  rapid 
and  violent  movements  of  the  bird.  The  ligament  first  described 
is  analogous  to  the  falciform  ligament  of  Manmialia ;  and,  al- 
though there  is  no  free  margin  enclosing  a  round  ligament,  yet 
the  remains  of  the  umbilical  vein  may  be  traced  within  the  dupli- 
cature of  the  membranes  forming  the  septum.  As  the  muscular 
septum  between  the  thorax  and  abdomen  is  wanting,  there  is  con- 
sequently no  coronary  ligament ;  but  the  numerous  membranous 
processes  which  pass  from  the  liver  to  the  surrounding  parts 
amply  compensate  for  its  absence. 

The  liver  is  of  a  lighter  colour  in  Birds  of  flight  than  in  the 
heavier   Waterfowl,  where  it  is  of  a  deep  livid  brown.       Each 

»  The  French  Academicians  (tl*.  2de  partie,  pp.  99-109)  saw  this  in  some  of  their 
Bastards :  but  in  the  male  dissected  by  me  the  hepatic  lobes  were  equal,  and  both 
were  long. 
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lobe  has  its  hepatic  artery  and  vena  portas.  The  hepatic  arteries 
are  proportionally  small,  but  the  portal  veins  are  of  great  size, 
being  formed  not  only  by  the  veins  of  the  intestinal  canal,  pan- 
creas, and  spleen,  but  also  by  the  inferior  emulgent  and  sacral 
veins.  The  blood,  which  has  circulated  in  the  liver,  is  returned 
to  the  inferior  cava  by  two  venae  hepaticas.  There  are  occasionally 
some  smaller  hepatic  veins  in  addition  to  the  two  principal  ones. 
The  coats  of  the  portal  and  hepatic  veins  appear  to  be  equally 
attached  to  the  substance  of  the  liver.  A  duct  arises  by  two 
roots  from  each  lobe,  and  the  biliary  secretion  is  carried  out  of  the 
liver  by  these  two  and  sometimes  by  three  ducts ;  one  duct  always 
terminates  directly  in  the  intestine,  and  is  an  *  hepatic  duct,' 
fig.  87,  n,  n ;  the  otJier  enters  the  gall-bladder,  and  is  an  *  cyst- 
hepatic  duct,'  ib.  o' ;  the  cystic  bile  is  conveyed  to  the  duodenum 
by  a  *  cystic  duct,'  ib.  o.  Where,  as  in  a  few  instances,  the  gall- 
bladder does  not  exist,  both  hepatic  ducts  terminate  separately  in 
the  duodenum,  fig.  85,  n,  n ;  but  in  no  case  is  there  a  single 
ductus  communis  choledochus  as  in  Mammalia. 

The  galUbladder^  fig.  87,  p,  is  situated  near  the  mesial  edge  of 
the  concave  or  under  side  of  the  right  lobe,  and  is  commonly 
lodged  in  a  shallow  depression  of  the  liver ;  but  sometimes,  as  in 
the  Eagle,  Bustard,  and  Cormorant,  only  a  very  small  part  of  the 
bag  is  attached  to  the  liver.  It  has  no  visible  muscular  tunic : 
its  inner  surface  is  delicately  reticulated. 

The  gall-bladder  is  present  in  all  the  EaptoreSy  InsessoreSy  and 
Natatores.  It  is  wanting  in  a  great  proportion  of  the  Scansores, 
as  in  the  genus  Rhamphastos  and  in  almost  all  the  PsittacidcB  and 
Cuculid(B.  Among  the  Rasores  the  gall-bladder  is  constantly 
deficient  in  the  ColumbidcB  or  Dove-tribe  alone,  in  which  the 
coeca  are  shorter  than  in  any  other  vegetable  feeder.  The  gall- 
bladder is  occasionally  absent,  according  to  the  French  Acade- 
micians,' in  the  Guinea-fowl ;  and  they  also  found  it  wanting  in 
two  out  of  six  Demoiselles  {Anthropoides  Virgo),  The  gall-bladder 
is  small  and  sometimes  absent  in  the  Bittern :  I  found  it  absent  in 
one  out  of  three  Kivis  {Apteryx) :  it  is  always  wanting  in  the 
Ostrich,  but  is  present  in  the  Emeu  and  Cassowary. 

The  bile,  as  before  observed,  passes  directly  into  the  gall- 
bladder, and  not  by  regurgitation  from  a  ductus  choledochus ; 
the  cyst-hepatic  duct  arises  from  the  right  lobe,  and  is  continued 
in  some  birds  along  that  side  of  the  bag  which  is  in  contact  with 
the  liver,  where  it  penetrates  the  coats  of  the  cyst  and  termi- 
nates about  one-third  from  the  lower  or  posterior  end.     In  the 
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Hombill  *  I  found  it  passing  over  the  upper  end  of  the  bladder  to 
the  anterior  or  free  surface,  and  the  cystic  duct  continued  from 
the  point  where  the  cyst-hepatic  duct  opened  into  the  bladder ;  so 
tliat  the  cystic  duct  had  a  communication  both  with  the  reservoir 
and  the  cyst>-hepatic  duct;  being  somewhat  analogous  to  the 
ductus  communis  choledochus ;  (fig.  87,  where  x  represents  the 
orifice  by  which  the  bile  passes  both  in  and  out  of  the  gall- 
bladder). 

In  the  Goose  the  cyst-hepatic  duct  terminates  by  a  very  small 
orifice,  surrounded  by  a  smooth  projection  of  the  inner  membrane, 
which,  aided  by  the  obliquity  of  the  duct,  acts  as  a  valve  and  pre- 
vents any  regurgitation  towards  the  liver.  The  cystic  duct  here 
passes  abruptly  from  the  posterior  extremity  of  the  gall-bladder, 
which  is  not  prolonged  into  a  neck.  The  duct  makes  a  turn 
round  the  end  of  the  bag,  and  is  so  closely  applied  to  it,  as  to 
require  a  careful  examination  to  determine  the  true  place  of  its 
commencement. 

The  hepatic  duct,  fig.  87,  n,  arises  by  two  branches  fix)m  the 
large  lateral  lobes  of  the  liver,  which  unite  in  the  fissure  or 
Agates'  of  the  gland.  Two  hepatic  ducts  have  been  foiuid  in  the 
Curassow ;  but  these  and  the  cystic  duct  terminate  separately  in 
the  duodenum.  Of  the  two  hepatic  ducts  in  Pigeons,  one,  the 
right  and  larger,  enters  the  beginning  of  the  duodenum,  the  other 
near  its  termination.  The  place  of  termination  of  the  cystic  and 
hepatic  duct  is  generally,  as  shown  in  fig.  87,  pretty  close  together 
at  the  end  of  the  fold  of  the  duodenum ;  but  in  the  Ostrich  one  of 
the  hepatic  ducts,  which  is  very  large  and  short,  terminates  in  the 
commencement  of  the  duodenum  about  an  inch  from  the  pylorus ; 
while  the  other  enters  with  the  pancreatic  duct  at  the  termination 
of  the  duodenum.  Both  the  cystic  and  hepatic  ducts  undergo  a 
slight  thickening  in  their  coats  just  before  their  termination.  The 
passage  of  the  bile-ducts  in  Birds  through  the  coats  of  the  intes- 
tine is  oblique,  and  they  terminate  upon  a  valvular  prominence  of 
the  lining  membrane  of  the  gut. 

§  150.  Pancreas  of  Birds. — The  non-mastication  of  food  in  the 
mouth  is  associated  with  a  low  condition  of  the  salivary  glands  ;  a 
large  pancreas  is  concomitant  with  gastric  mastication,  in  Birds. 
This  organ,  figs.  85, 87,  q,  q,  consists  of  two  {Picus,  Certkia,  Upupa, 
Caprimulgusy  GruSy  Colymbus),  and  sometimes  of  three  (  Orioltts)^ 
distinct  portions;  but  these  are  so  closely  applied  together  at  some 
point  of  their  surface  as  to  appear  like  one  continuous  gland,  fig. 
88.  It  is  of  a  narrow,  elongated,  trihedral  form,  lodged  in  the  inter- 
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space  of  the  duodenal  fold,  and  generally  bent  upon  itself  like  the 
duodenum,  as  in  the  Hombill,  fig.  S?,  q. 
It  18  there  supported  by  the  gastro- 
hepatic  and  gastro-colic  omenta. 

The  structure  of  the  pancreas  is 
conglomerate,  like  that  of  the  sali- 
vary glands,  but  the  ultimate  folli- 
cles are  differently  disposed.  In  the 
salivary  glands  these  are  irregularly 
branched,  while  those  of  the  pancreas 
in  Birds  diverge  in  the  same  plane 
from  digitated  and  pinnatifid  groups. 
The  substance  is  firmer  than  in  Rep- 
tiles, of  a  pinkish,  yellowish,  or  brown- 
ish colour. 

The  ducts,  figs.  85, 87, 88,  r,  r,  formed 
by  the  reiterated  union  of  the  efferent 
branches  from  the  component  follicles 
of  the  pancreas,  are  in  general  two  in 
number,  which  terminate  separately  in 
close  proximity  to  the  hepatic  and 
cystic  ducts,  n ;  but  occasionally  there 
are  three  pancreatic  ducts,  as  in  the 
Fowl,  Pigeon,  Raven,  and  Hombill; 
in  which  case  the  third  duct  commonly 
terminates  at  a  distance  from  the  other 
two :  in  the  Hombill  it  proceeds  from 
an  enlarged  lobe  of  the  pancreas  at  the 
end  of  the  duodenal  fold,  and  enters 
that  part,  at  /,  fig.  87.  As  a  rule, 
the  pancreatic  secretion  is  the  first 
poured  into  the  gut,  the  cystic  bile 
is  the  last. 


PancreM  and  dnodcnnm  of  tbo 
OooHe.  ooxxxi. 


N  2 


180  ANATOMY   OF   VEBTBBRATES. 


CHAPTER  XVni. 

ABSORBENT   SYSTEM   OF   BIRDS. 

§  151.  The  absorbents  of  Birds,  as  of  Reptiles,  differ  &om  those 
of  Mammals  in  having  fewer  valves,  which  are  also  less  perfect, 
being  so  loose  as  frequently  to  permit  for  a  certain  extent  a 
retrograde  passage  of  the  injected  fluid.  The  lacteals,  lymphatics, 
and  thoracic  ducts  have  very  thin  parietes,  so  as  easily  to  be 
ruptured :  they  are  composed  of  two  tunics,  of  which  the  internal 
is  the  weakest. 

The  lymph  resembles  that  of  Mammals,  but  the  chyle  differs 
essentially  in  its  transparency  and  want  of  colour.  The  lacteals 
have,  however,  been  observed  to  contain  an  opaque  white  fluid  in 
a  Woodpecker  that  had  been  killed  after  swallowing  a  quantity 
of  ants. 

With  respect  to  the  disposition  of  the  absorbents,  they  do  not 
form  in  Birds  two  strata,  as  in  Mammals;  at  least  those  only 
have  been  observed  which  correspond  to  the  deep-seated  absorbents 
wliich  accompany  the  large  vessels. 

The  lymphatic  glands  or  ganglions  are  few  in  Birds  ;  the  most 
constant  and  conspicuous  are  those  at  the  anterior  part  of  the  chest 
or  the  root  of  the  neck.  Small  ones  have  been  seen  in  the  axilla 
and  groin  of  sea-birds  {Aptenodytes).  In  other  parts  of  the  body 
the  absorbent  glands  are  replaced  by  plexuses  of  lymphatic  vessels 
surrounding  the  principal  bloodvessels. 

The  absorbents  of  Birds  terminate  principally  by  two  thoracic 
ducts,  one  on  either  side,  which  enter  the  right  and  left  jugular 
veins  by  several  orifices ;  the  plexuses  of  the  posterior  part  of  the 
bcHly  communicate  with  the  contiguous  sacral  and  renal  veins. 

The  lymphatics  of  the  foot  unite  to  form  the  vessels  which  arc 
found  running  along  the  sides  of  each  toe,  fig.  89,  i.  In  the 
t\dmipede8  there  are  anastomosing  branches  which  pass  from 
the  lateral  vessel  of  one  toe  to  that  of  the  adjoining  toe,  forming 
arches  in  the  uniting  web,  2.  These  branches  form  a  small  plexus, 
:<^  at  the  anterior  part  of  the  digitometatarsal  joint,  from  which 
three  or  four  lymphatics  are  continued.     The  anterior  and  in- 
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ternal  branches,  4,  accompany  the  bloodvessels,  and  form  a  net- 
work around  them ;  the  posterior  and  external  branches,  5,  receive 
the  lymphatics  of  the  sole 
of  the  foot,  then  ascend 
along  the  metatarse,  and 
form  at  its  proximal  arti- 
culation a  close  network,  6, 
from  which  the  vessels  climb 
the  tibia,  forming  a  plexus, 
7,  around  it  as  far  as  the 
middle  of  the  leg ;  from  this 
proceed  two  branches,  of 
which  the  smaller  passes 
along  the  anterior  part  of 
the  depression  between  the 
tibia  and  fibula  as  far  as  the 
knee-joint,  where  it  joins 
the  other  branch  which  ac- 
companies the  bloodvessels. 
The  trunk  formed  by  the 
union  of  the  two  preceding 
branches  accompanies  the 
femoral  vessels,  forming 
plexuses  in  its  course,  s, 
which  receive  tributary  ab- 
sorbents from  the  surround- 
ing muscles,  and  a  large 
branch,  9,  corresponding  to 
the  deep-seated  femoral  ves- 
sels. 

The  iliac  trunk,  lo,  ac- 
companies the  great  femo- 
ral vein  into  the  abdomen, 
which  it  enters  anterior  to 
the  origin  of  the  pubis ;  it 
there  receives  branches  from 
the  lateral  parts  of  the  pel- 
vis, 11,  and  afterwards  sepa- 
rates into  two  divisions. 

'The  posterior  division  re- 
ceives some  lymphatics  from 
the  anterior  lobes  of  the  kidneys,  and  those  of  the  ovary  or  testi- 

*  £Vom  Lauth's  Monograph,  Annales  des  Sciences  Nat  t.  iii.  pis.  23  and  25. 
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CHAPTER  XIX. 


CIRCULATING   SYSTEM   OF   BIRDS. 


§  152.  Blood  of  Birds. — The  blood  is  hot  and  of  a  deep  red 
colour.  The  blood-discs  are  more  abundant  than  in  the  cold- 
blooded Vertebrates,  save,  perhaps,  in  some  Ophidia:  they  are 
nucleated,  elliptic,  and  flattened  in  form;  averaging  in  size,  in 
long  diameter  g^^^pth,  in  short  diameter  xsV?^^*  ^^  ^^  inch; 
with  the  following  observed  extremes:  —  Humming-bird,  long 
diameter  g-gVy?  short  diameter  xoW  5  Ostrich,  long  diameter  yVrs-* 
short  diameter  -^^.  Milne-Edwards  notes  decimally  the  fol- 
lowing range  of  size  in  different  species  of  the  class : — *  Long 
diameter,  maximum,  1*59;  minimum,  1*105:  short  diameter, 
maximum,  1*110;  minimum,  1*158.'^  (Metrical  system.) 

The  blood-discs  are  largest  in  the  embryo,  losing  size  as  the 
respiration  gains  in  activity  and  extent  in  the  progress  of  the  in- 
dividual to  maturity.  The  smaller  size  of  the  blood-discs  of  Birds 
as  compared  with  those  of  cold-blooded  Ovipara  exemplifies  the 
same  inverse  ratio  of  their  size  to  the  amount  of  respiration.  The 
proportion  of  organic  matters  contained  in  the  water  of  the  blood 
is  greater  than  in  the  HtBmatocrya^  as  will  be  seen  by  comparing 
the  subjoined  Tables  with  those  in  vol.  i.  pp.  463,  464 : — 


AVES 

Water 

Clot 

Albamen 
and  Salts 

85 
59 
47 
63 
56  » 

AnoM  Botchas  (Duck)  ..... 
Ardea  cinerea  (Heron)              .... 
Co/mil^ /tvta  (Pigeon)            .... 
Gallus  domesticus  (Fowl)          .... 
Conjui  Corcue  (Raven)             .... 

765 
808 
797 
780 
797 

150 
133 
156 
157 
146 

Ardea   nycticorax    (Night 

Heron) 
Symium  nebuiosum  (Barred 

Owl)  .... 
Cathartes  atratus    (Black 

Vulture)     . 

MOIST  BLOOD-DISCS 

-- 

PLASMA 

Total 
weiffht 

Water 

Solid 
matter 

Total 
weight 

Water 

Solid 
mAtten 

315-84 
427-36 
626-88 

236-88 
320-52 
47016 

78-96 
106-84 
156-72 

684-16 
572-64 
37312 

63901 
51914 
329-01 

4815 
-.50 
44-U" 

CCXZXIZ.  p.  86.  ■  CCLXV.  p.  64. 
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The  fibrine  in  the  blood  of  Birds  is  soft  and  very  lacerable. 
The  serum  is  usually  of  a  light  yellow  colour,  but  is  golden  in 
the  Cathartes  atratus.  Dr.  Jones  notices  the  strong  musky 
odour  of  the  blood  of  this  Vulture,  like  that  of  the  living  bird  J 

§  153.  Heart  of  Birds. — This  organ  consists  of  two  ventricles 
and  two  auricles ;  the  septum  of  both  being  complete. 

The  form  of  the  heart  is  always  that  of  a  cone,  sometimes  wide 
and  short,  as  in  the  Ostrich  and  Crane ;  sometimes  more  elon- 
gated, as  in  the  Emeu,  fig.  90, 
and    Vulture;    or    still    more 
acute,  as  in  the   Curlew   and 
Common  Fowl. 

Its  situation  is  more  anterior 
and  mesial  than  in  Mammalia, 
and  its  axis  is  always  parallel 
with  the  axis  of  the  trunk.  It 
is  not  contained  with  the  lungs 
in  an  especial  cavity,  but  its 
apex  is  lodged  between  the 
lobes  of  the  liver;  the  dia- 
phragm, as  a  rule,  not  being 
so  far  developed  as  to  separate 
the  chest  from  the  abdomen. 

As  the  lungs  are  confined  to 
the  dorsal  part  of  the  chest,  the 
whole  of  the  anterior  surface 
of  the  pericardium  is  exposed 
when  the  sternum  of  the  bird  is  removed.  The  pericardium  is 
thin,  but  of  a  firm  texture,  and  adheres  by  its  external  surface  to 
the  surrounding  air-cells.  It  is  of  considerable  size,  and  commonly 
prolonged  for  some  way  between  the  lobes  of  the  liver. 

The  auricles  of  the  heart  in  Birds  have  not  externally,  such 
free  appendices  as  in  Mammals.  The  right  auricle  is  much 
larger  than  the  left ;  it  is  more  distinctly  divided  internally  into 
a  sinus,  ib.  d^  and  auricle  proper,  &,  t,  z,  than  in  Mammals,  and 
these  parts  are  separated  by  a  more  complete  valvular  structure, 
but  less  definitely  developed  than  in  the  Crocodile. 

Three  veins  terminate  in  the  sinus,  there  being  in  Birds  always 
two  precavals,  as  in  Reptiles.  The  right  precaval,  ib.  a,  which 
returns  the  blood  from  the  right  wing  and  right  side  of  the  neck, 
terminates  in  the  upper  and  anterior  part  of  the  sinus ;  the  left 
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precaval^  ib,  by  winds  round  the  posterior  part  of  the  left  auricle  to 
open  into  the  lower  part  of  the  sinus ;  just  before  its  termination 
it  receives  the  coronary  vein,  so  that  this  does  not  open  separately 
into  the  auricle  as  in  most  Mammals.  The  postcaval  vein^  ib.  r, 
terminates  in  the  sinus  just  above  the  orifice  of  the  left  precaval, 
and  a  semilunar  valvular  fold^  ib.  h^  analogous  to  that  of  the 
coronary  vein  in  man,  is  extended  forward  between  these  orifices 
so  as  to  separate  them,  and  afibrd  a  protection  to  the  mouth  of 
the  left  precaval,  in  addition  to  that  which  it  derives  in  common 
with  the  other  veins  from  the  larger  valves  at  the  mouth  of  the 
sinus. 

The  disposition  of  the  valves  between  the  sinus  and  auricle 
seems  more  especially  destined  to  prevent  regurgitation  into  the 
sinus,  when  the  pulmonary  circulation  may  be  impeded*  A 
strong  oblique  semilunar  muscular  fold,  ib.  g^  commences  in  the 
Emeu  by  a  band  of  muscular  fibres  nmning  along  the  upper  part 
of  the  auricle,  and  expanding  into  a  valvular  form  extends  along 
the  posterior  and  left  side  of  the  sinus,  terminating  at  the  lower 
part  of  the  fossa  ovalis,  ib.  t.  A  second  semilunar  muscular 
valve,  ib./,  of  equal  size,  extends  parallel  with  the  preceding 
along  the  anterior  border  of  the  orifice  of  the  sinus,  its  lower 
extremity  being  fixed  to  the  smooth  floor  of  the  auricle,  its  upper 
extremity  being  continued  into  a  strong  muscular  column  running 
parallel  to  the  one  first  mentioned  across  the  upper  and  anterior 
part  of  the  auricle,  and  giving  off  from  its  sides  the  greater  part  of 
the  muscnli  pectinati.  From  this  structure  it  results  that  the  more 
powerfully  the  musculi  pectinati  act  in  overcoming  the  obstacle 
to  the  passage  of  the  blood  from  the  auricle  to  the  ventricle,  the 
closer  will  the  valves  be  drawn  together,  and  the  stronger  will  be 
the  resistance  made  to  them  by  the  regurgitation  of  the  blood 
from  the  auricle  into  the  sinus.  The  valves/and^  are  homo- 
logous with  the  pair  dividing  the  auricle,  o,  from  the  sinus,  *,  in  the 
Crocodile's  heart  (vol.  i.  fig.  339).  The  parietes  of  the  auricle 
in  the  interspaces  of  the  muscular  fasciculi  are  thin  and  trans- 
parent, consisting  in  many  parts  only  of  the  lining  membrane  of 
the  cavity  and  the  reflected  layer  of  the  pericardium  blended 
together.  T\iQ  fossa  ovalis y  fig.  90,  i,  is  a  deep  depression  situated 
behind  the  posterior  semilunar  valve,  which,  we  may  observe,  bears 
nearly  the  same  relation  to  the  fossa  as  the  annulus  ovalis  in  the 
human  heart.  The  membranous  septum  closing  the  foramen 
ovale  is  complete  and  strong,  but  thin  and  semitransparent.  The 
appendix  auricultBy  ib.  x,  is  the  most  muscular  part  of  the  cavity ; 
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it  does  not  project  freely  In  front  of  the  great  vessels  arising  from 
the  yentricles^  but  is  tightly  tied  down  to  them  by  the  reflected 
layer  of  the  pericardium.  The  auriculo-ventricular  orifice  is  an 
oblique  slit,  fig.  92,  A ;  a  bristle  is  passed  through  it  in  fig.  90. 
The  manner  in  which  regurgitation  by  this  orifice  is  prevented  is 
one  of  the  chief  peculiarities  in  the  heart  of  Birds.  The  right 
yentricle,  fig.  91,  A,  is  a  narrow  triangular  cavity,  applied  as  it 
were  to  the  right  and  anterior 
side  of  the  left  ventricle,  but  not 
extending  to  the  apex  of  the 
heart.  The  parietes  are  of  pretty 
uniform  thickness,  except  at  the 
septum  ventriculorum,  and  are 
weaker  in  comparison  to  those  of 
the  left  ventricle  than  in  Mam- 
mals. Short  fleshy  columns  ex- 
tend from  the  septum  to  the 
free  wall  of  the  ventricle  at  the 
angleof  union  of  these  two  parts, 
leaving  deep  cells  between  them ; 
a  strong  column,  fig.  92,  fit,  also 
extends  from  the  right  side  of 
the  base  of  the  pulmonary  artery 
to  the  upper  extremity  of  the 
auriculo-ventricular  vidve;  but 
these  are  the  only  'columnae 
camese'  in  the  right  ventricle; 
there  being  none  of  a  pyramidal  form  projecting  into  the  cavity, 
nor  any  *  chordae  tendinese.'  The  principal  valve  which  guards 
the  auricular  aperture  is  a  strong  muscular  fold,  figs.  90,  91, 
92,  /,  nearly  as  thick  as  the  wall  of  the  ventricle  itself,  extend- 
ing from  the  fleshy  column  above  mentioned  obliquely  down- 
ward and  backward  to  the  angle  formed  between  the  septum 
and  the  free  wall  of  the  ventricle  at  the  lower  and  posterior 
part  of  the  cavity.  The  convex  edge  of  this  muscular  valve 
is  turned  toward  the  convex  projection  made  by  the  septum, 
and  must  be  forcibly  applied  to  this  part  during  the  systole  of 
the  ventricles ;  so  that,  while  all  reflux  into  the  auricle  is  pre- 
vented, additional  impulse  is  given  to  the  flow  of  blood  through 
the  pulmonary  artery ;  the  muscular  parietes  of  the  ventricle 
being  thus  complete  at  every  part  except  at  the  orifice  of  the 
artery.     This  valve  is  strongest  in  the  Diving  Birds,  weakest  in 
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the  Struthious,  and  especially  in  the  Apteryx,  in  which  it  is  par- 
tially membranous  and  has  its  margin  tied  by  a  few  tendons  to  a 
fleshy  process  from  the  fixed  ventricular  wall. 

The  small  muscular  colunm,  fig.  92,  jw,  at  the  upper  part  of 
the  auricular  orifice  is  analogous  in  its  position  to  the  single  valve 
which  guards  the  corresponding  orifice  in  Reptiles;  the  Cro- 
codiles alone  present  a  second  muscular  valve  (vol.  i.  p.  510,  fig. 
339,  r)  homologous  with  the  larger  valve  in  Birds. 

The  right  ventricle  is  remarkable  for  the  smoothness  and  even- 
ness of  ita  inner  surface.  The 
pulmonary  artery  is  pro\dded  at 
its  origin  with  three  semilunar 
valves,  fig.  92,  n.  It  di>ddes,  as 
usual,  into  two  branches,  fig.  168, 
one  for  each  lung;  the  right 
branch  passes  under  the  arch  of 
the  aorta. 

The  aerated  blood  is  returned 
from  the  lungs  by  two  veins 
which  open  into  the  back  part  of 
the  left  auricle;  a  strong  semi- 
lunar ridge,  which  is  hardly  suf- 
ficiently produced  to  be  called  a  valve,  divides  the  cavity  of  the 
auricle  in  which  the  veins  terminate  from  the  muscular  part  or 
appendix.  The  fleshy  columns  are  very  numerous  and  compli- 
cated in  this  part  of  the  auricle,  which  is  closely  tied  down  to  the 
ventricle  by  the  serous  layer  of  the  pericardiiun  and  dense  cellular 
tissue. 

The  left  ventricle,  figs.  91,  92,  o,  is  an  elongated  conical  carity, 
the  parietes  of  which  are  three  times  as  thick  as  those  of  the 
right  ventricle,  and  exhibit  strong  fleshy  columns  extending  from 
the  apex  towards  the  base ;  two  of  the  largest  of  these  columns 
present  in  the  Emeu  a  short  convex  eminence  towards  the  auri- 
culo-ventricular  orifice,  fig.  92,  r,  and  give  off*  short  thick  tendons 
to  the  margin  and  ventricular  surface  of  two  membranous  folds, 
figs.  91,  92,  /?,  y,  which  correspond  to  the  *  mitral  valve '  in  Mam- 
mals. Of  these  valves,  the  one  next  the  aorta,  y,  corresponds  to 
the  single  valve  which  guards  the  auricular  opening  in  the  heart  of 
Keptiles,  and  is  most  developed  in  Birds  ;  the  opposite  valve  is  of 
much  less  size.  In  many  Birds  the  chordae  tendinese  pass  from  the 
valves  at  once  to  the  parietes  of  the  ventricle,  and  are  not  at^ 
tached  to  columnae  carneae.  The  surface  of  the  ventricle  formed 
by  the  septum  is  smooth  from  the  orifice  of  the  aorta  down  to  the 
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apex  of  the  heart.  The  aorta  is  provided  with  three  semilunar 
valves,  not  with  two  only  as  in  Reptiles.  The  extremities  of  these 
valves  are  connected  to  small,  firm,  and  sometimes  ossified  styles 
imbedded  in  the  fibrous  coat  of  the  vessels.' 

The  arrangement  of  the  muscular  fibres  of  the  ventricle  in 
Birds  is  such  that  the  right  ventricle  appears  to  be  formed  by  a 
partial  secession  of  the  outer  from  the  inner  layers  of  the  parietes 
of  the  left  ventricle  at  the  anterior  and  right  side  of  that  cavity. 
See  the  transverse  section,  fig.  92. 

§  154,  Arteries  of  Birds.  —  The  arterial  system  of  Birds 
mainly  differs  from  that  of  Mammals  in  the  following  points : — 
The  division  of  the  aorta  into  three  principal  branches,  almost 
immediately  at  its  origin :  the  course  of  the  arch  of  the  aorta 
over  the  right  instead  of  the  left  bronchus  to  become  the  descend- 
ing aorta :  the  basilar  artery  being  formed  by  the  entocan)tid8, 
not  by  the  vertebral :  the  great  length  of  the  common  carotid, 
which  is  a  single  median  trunk  in  some  birds:  and  the  origin 
of  the  arteries  of  the  posterior  extremities,  which  do  not  come  oft' 
from  a  single  branch,  or  '  external  iliac,'  but  from  two  arteries 
which  are  detached  successively  from  the  aorta  at  a  great  distance 
from  each  other,  and  pass  from  the  pelvis  by  two  separate  aper- 
tures. In  these  differences  the  closer  affinity  of  Birds  to  Reptiles 
is  shown. 

The  aortic  trunk,  fig.  93,  i,  is  so  short  that  it  is  only  brought 
into  view  after  the  reflections  of  the  pericardium  and  the  adjoining 
vessels  are  detached  by  dissection.  The  first  branch  is  to  the  left 
side  and,  after  it  is  sent  off,  the  trunk  affects  to  turn  over  the 
auricle  before  it  gives  the  branch  of  the  right  side ;  these  two 
branches  pass  in  a  curved  manner  from  the  heart  towards  the 
axilla,  and  may  be  regarded  as  two  arterue  innomiwUtB,  fig.  90,  /,  t. 
After  these  branches  are  parted  with,  the  arterial  trunk,  ib.  i,  fig. 
93,  2,  is  continued  over  the  right  bronchus,  and,  on  reaching  the 
back  part  of  the  heart,  becomes  the  '  descending  aorta.' 

The  arteria  innominatOy  fig.  93,  3,  first  sends  off  the  common 
trunk  of  the  carotid  and  vertebral  arteries,  ib.  4,  which  before  its 
division  gives  off  one  or  two  small  branches ;  one  of  these  runs 
down  upon  the  lungs  in  company  with  the  par  vagum,  and  ap- 
pears to  supply  branches  to  the  aponeurosis  of  the  lungs,  and  the 
air-cells  at  the  upper  part  of  the  thorax ;  the  other  branch,  after 
suppl}ring  the  lymphatic  gland  of  the  neck  with  several  small 
arteries,  ascends  upon  the  side  of  the  oesophagus,  to  which,  and 
the  inferior  larynx,  the  divisions  of  the  trachea,  and  to  the  parts 
I  Home  Clii^,  in  vn*.  p.  331. 
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and  supplies  the  marsupial  membrane;  the  second  plexus,  ib.  4, 
is  situated  more  exteriorly,  and  gives  off  the  ciliary  arteries. 

After  the  carotid  has  sent  off  the  entocarotid,  it  passes  for  a 
little  way  downward  and  forward  behind  the  angle  of  the  jaw,  and 
divides  at  once  into  diflferent  branches,  corresponding  to  those  of 
the  ectocarotid  in  Mammals ;  the  first  of  which  might  be  called  the 
oesophageal  or  laryngeal  artery.  This  vessel  sends  a  branch  to 
the  muscles  upon  the  thyrohyal,  and  then  turns  downward  and 
divides  into  two  branches,  one  to  the  trachea,  fig.  93,  G  i,  and  the 
other  to  the  oesophagus,  upon  the  side  of  which  parts  they  descend 
to  near  the  thorax,  forming  a  series  of  arches,  ib.  ii,  ii,  and  ulti- 
mately inosculate  with  the  tracheal  and  oesophageal  branches  of 
the  common  trunk  of  the  carotid  and  vertebral  arteries. 

The  external  maxillary  artery,  ib.  12,  dips  in  between  the 
pterygoid  and  digastric  muscles ;  it  then  passes  behind  the  tym- 
panic, and  gives  twigs  upward  to  the  muscles  of  the  jaws,  and 
to  the  plexus  at  the  back  of  the  orbit:  upon  emerging  from 
behind  the  tympanic,  it  lies  under  the  zygomatic  arch,  and  sends 
an  artery  upward,  which  is  distributed  to  the  temporal  and  mas- 
seter  muscles,  and  proceeding  under  the  triangular  tendon  that 
comes  from  the  inferior  margin  of  the  orbit  to  the  lower  jaw,  it 
divides  into  two  principal  branches ;  one  of  these  passes  along  the 
side  of  the  upper  jaw,  gives  a  branch  upward  to  the  fore  part  of 
the  orbit  which  unites  with  the  ophthalmic  artery,  and  is  lost  at 
the  top  of  the  head.  This  branch  is  very  large  in  birds  with 
combs,  as,  in  conjunction  with  the  ophthalmic,  it  furnishes  nu- 
merous vessels  to  these  vascular  parts.  The  artery  then  goes  on 
and  supplies  branches  to  the  sides  of  the  head  before  the  orbits, 
and  to  the  integuments  and  substance  of  the  upper  mandible, 
inosculating  with  the  palatine  branches  of  the  internal  maxillary 
artery.  The  second  portion  of  the  external  maxillary  proceeds  to 
the  lower  jaw,  to  which,  and  the  lower  part  of  the  masseter  muscle, 
it  is  distributed.  The  external  maxillary  supplies  the  place  of  the 
temporal,  labial,  angular,  nasal,  and  mental  arteries  of  mammals. 

The  laryngeal  or  posterior  palatine  artery  is  a  little  branch  of 
the  ectocarotid,  which  is  sent  off  posteriorly  opposite  to  the  ex- 
ternal maxillary  artery.  Its  branches  are  exhausted  upon  the 
back  part  of  the  fauces,  the  muscles  for  moving  the  upper  jaw, 
and  posterior  nares. 

The  lingual  or  submaxillary  artery,  ib.  13,  passes  under  the 
muscles  Avhich  connect  the  hyoid  to  the  lower  jaw,  and  close  upon 
the  back  of  the  membrane  of  the  lower  part  of  the  mouth,  it  sends 
a   branch  to  the  oesophagus  and  trachea,  supplies  the   muscles 
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of  the  hyoid,  ib.  F,  the  tongue,  E,  the  lower  surface  of  the  mouth, 
and  furnishes  the  artery  which  enters  the  substance  of  the  lower 
jaw. 

^  Just  at  the  origin  of  the  submaxillary  artery  there  is  another 
little  branch  of  the  carotid,  which  is  lost  upon  the  muscles  of  the 
hyoid  arch. 

*  The  internal  maxillary  artery  is,  as  usual,  the  continuation 
of  the  trunk  of  the  ectocarotid ;  it  runs  forward  between  the 
pterygoid  muscle  and  the  lining  of  the  mouth,  upon  the  side  of 
the  long  muscle  for  moving  the  upper  jaw,  and  divides  into  two 
principal  branches;  one  of  them  proceeds  under  the  tendon  of 
the  long  muscle  to  get  upon  the  palate,  where  it  forms  two 
branches,  of  which  one  runs  along  the  external  side  of  the  palate, 
between  the  membrane  and  the  bone  of  the  mandible  to  the 
extremity  of  the  bill,  where  it  becomes  united  to  the  same  branch 
of  the  opposite  side,  as  also  to  the  middle  artery  of  the  palate. 
The  other  branch  lies  also  superficially  under  the  membrane 
which  lines  the  mouth.  It  passes  onward  to  meet  its  correspond- 
ing vessel  of  the  opposite  side,  with  which  it  becomes  actually 
incorporated,  and  by  their  union  a  single  artery  is  generated, 
which  runs  along  the  middle  line  of  the  palate  to  the  end  of  the 
mandible,  where  it  unites  with  the  lateral  branches,  as  already 
mentioned.  At  the  junction  of  the  vessel  of  each  side  to  form 
the  middle  palatine  artery,  two  branches  go  off,  which  are  lost  upon 
the  lining  of  the  mouth,  and  the  interior  of  the  organ  of  smell. 

^  The  other  branch  of  the  internal  maxillary  artery  is  reflected 
upward  toward  the  orbit,  below  which  it  divides  and  unites  again, 
forming  a  triangle,  through  which  the  vein  passes :  at  this  place 
it  produces  a  remarkable  plexus  of  vessels,  like  the  rete  mirabile 
of  the  carotid  artery  of  quadrupeds,  which  is  increased  by  branches 
from  the  ophthalmic  and  the  palatine  arteries,  and  from  which  the 
back  part  of  the  organ  of  smell  receives  its  supply  of  blood. 

*  The  internal  maxillary  artery  then  runs  directly  backward 
below  the  orbit,  passes  between  the  radiated  or  fan-shaped  muscle 
which  moves  the  upper  jaw  and  the  pterygoid;  and  turning 
inward  round  the  basis  of  the  cranium,  becomes  incorporated  with 
the  internal  carotid  artery  just  as  it  enters  the  bony  canal  which 
conducts  it  to  the  brain.* 

*  The   vertebral  artery y  fig.  93,  6,  soon  after  it  parts  from  the 

*  Barkow  describes  the  internal  maxillary  artery  as  wanting  in  birds,  and  its  place 
being  supplied  by  branches  of  both  the  external  and  internal  carotids  and  the  facial 
artery,  lUl  of  which  sometimes  unite  to  form  the  maxillary  plexus  of  vessels,  which  is 
very  conspicuous  in  the  Goose  and  Duck.    xliy*. 
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carotid,  sends  off  a  branch  backward,  which  passes  over  the  neck 
of  the  scapula  and  is  lost  among  the  muscles  on  the  posterior  part 
of  the  shoulder,  inosculating  with  the  articular  and  other  arteries 
about  the  joint :  this  branch  might  be  called  the  supra^scapulary 
ib.  5.  In  the  Duck  we  have  observed  it,  before  it  makes  the  turn 
over  the  scapula,  to  send  an  artery  upward  along  the  muscles  of 
the  neck.  The  trunk  of  the  vertebral  artery  proceeds  obliquely 
upward,  and  having  entered  the  foramen  in  the  transverse  pro- 
cess of  the  penultimate  cervical  vertebra,  gives  off  a  large  branch 
downward,  which  is  distributed  between  the  vertebrae,  and  to  the 
spinal  canal,  in  the  manner  of  the  intercostal  arteries,  with  which 
it  anastomoses  upon  arriving  in  the  thorax.  The  remainder  of 
the  vertebral  artery  is  continued  upward  in  the  canal  formed  by 
the  pleur-  and  di-apophyses  of  the  cervical  vertebrae,  diminishing 
gradually  in  consequence  of  the  branches  it  sends  off  between  each 
vertebra  to  the  myelon  and  the  muscles  of  the  neck.  Near  the 
head  the  artery  is  found  considerably  reduced,  and  within  the 
uppermost  foramen  in  the  transverse  processes  terminates  entirely 
by  inosculation  with  the  reflected  occipital  branch  of  the  carotid, 
as  before  noticed, 

*  After  the  common  trunk  of  the  carotid  and  vertebral  is  detached 
from  the  arteria  innominata,  this  vessel  may  assume  the  name  of 
the  subclavian^  fig.  93,  14.  While  passing  under  the  coracoid  it 
sends  off  some  important  branches :  the  first  might  be  called  the 
pectoral  artery ;  it  proceeds  upward  upon  the  internal  surface  of 
the  pectoralis  minor  muscle,  which  it  supplies,  and  then  dividing 
into  two  branches,  one  passes  over  the  anterior  edge  of  the 
coracoid,  and  under  the  pectoralis  medius,  between  which  and  the 
sternum  it  runs,  detaching  its  branches  to  the  muscle ;  the  other 
sends  first  along  the  under  side  of  the  coracoid  a  branch  which  is 
again  subdivided  and  distributed  to  the  outside  of  the  shoulder- 
joint  and  to  the  deltoid  muscle,  in  which  it  inosculates  with  the 
articular  artery.  The  vessel  then  passes  between  the  coracoid  and 
the  furculum,  and  on  a  ligament  which  connects  the  head  of  the 
coracoid  to  that  of  the  scapula,  and  disperses  its  branches  upon 
the  upper  part  of  the  shoulder-joint,  forming  anastomoses  with  the 
neighbouring  arteries. 

*  The  next  branch  of  the  subclavian  is  the  humeral  artery, 
ib.  ift ;  it  arises  from  the  upper  side  of  the  vessel,  and  makes  a 
slight  curve  to  reach  its  situation  on  the  inside  of  the  arm  in  order 
to  disperse  its  branches  in  the  manner  hereafter  described. 

*  The  internal  mammary  artery,  fig.  94,  2+,  is  given  off  just  as 
the  subclavian  leaves  the  chest.     It  divides  into  three  branches ; 
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one  ramifies  upon  the  inner  surface  of  the  sternum,  another  upon 
the  sternal  ribs  and  the  intercostal  muscles,  and  the  third  runs 
along  the  anterior  extremities  of  the  vertebral  ribs,  supplying  the 
intercostal  muscles,  &c. 

*  The  chief  peculiarity  of  the  arteries  of  the  superior  extre- 
mities in  birds  consists  in  the  great  magnitude  of  the  vessels  which 
supply  the  pectoral  muscles ;  these,  instead  of  being  inconsider- 
able branches  of  the  axillary  artery,  are  the  continuations  of  the 
trunk  of  the  subclavian,  of  which  the  humeral  is  only  a  branch. 

*  The  great  pectoral  or  thoracic  artery  passes  out  of  the  chest 
over  the  first  rib  and  close  to  the  sternum,  and  immediately 
divides  into  two  branches.  One  of  them,  fig.  93,  16,  ramifies  in 
the  superior  part  of  the  pectoralis  major,  and  the  other,  ib.  i:,  is 
exhausted  in  the  lower  part  of  the  muscle,  and  sends  off  a  branch 
analogous  to  the  long  thoracic  artery  of  Mammalia.'  Fig.  93 
shows  the  distribution  of  these  arteries  to  the  skin  after  per- 
forating the  pectoralis  muscle. 

^  The  humeral  artery y  while  within  the  axilla,  gives  a  small 
branch  backward  to  the  muscles  under  the  scapula,  and  upon 
reaching  the  inside  of  the  arm  produces  an  artery  that  soon 
divides  into  the  articular  and  the  profunda  humeri.  The  articu- 
lar artery  passes  round  the  head  of  the  humerus,  underneath  the 
extensors ;  its  branches  penetrate  the  deltoid  muscle,  and  ana- 
stomose with  the  other  small  arteries  around  the  joint. 

*  The  profunda  humeri^  as  usual,  turns  under  the  extensor 
muscles  to  reach  the  back  of  the  bone,  at  which  place,  in  birds, 
it  separates  into  two  branches,  of  which  one  descends  upon  the 
inside,  and  the  other  upon  the  outside  of  the  articulation  of  the 
humerus  with  the  radius  and  ulna,  and  there  inosculate  with  the 
recurrent  branches  of  the  arteries  of  the  fore-arm. 

*  After  the  humeral  artery  has  sent  off  the  profunda,  it  descends 
along  the  inner  edge  of  the  biceps  muscle,  detaching  some  branches 
to  the  neighbouring  parts ;  upon  arriving  at  the  fold  of  the  wing, 
it  divides  into  two  branches ;  one  of  these  is  analogous  to  the 
ulnar  artery,  and  the  other  from  its  position  deserves  to  be  called 
rather  the  interosseous  than  the  radial  artery. 

*  At  the  place  where  the  humeral  produces  the  two  arteries  of 
the  fore-arm,  a  small  branch  is  sent  off,  which  is  lost  upon  the 
fore-part  of  the  joint,  and  in  anastomoses  with  the  recurrent  of 
the  ulna  and  profunda  humeri. 

*  The  ulnar  artery  is  the  principal  division  of  the  humeral ;  it 
proceeds  superficially  over  the  muscles  which  are  analogous  to  the 
pronator,  sends  a  large  recurrent  branch  under  the  flexor  ulnaris 
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to  the  back  of  the  joint,  upon  which  it  ramifies  and  forms  ana- 
stomoses with  the  profunda  humeri.  The  artery  then  proceeds 
along  the  inner  edge  of  the  uhiar  muscles,  to  which  it  distributes 
branches.  It  is  afterwards  seen  passing  over  the  carpal  bone  of 
the  ulnar  side,  and  under  the  annular  ligament,  at  which  place  it 
sends  off  some  branches  which  spread  upon  the  joint  and  inosculate 
with  the  similar  ones  of  the  interosseous  artery.  Very  soon  aflber 
the  ulnar  artery  gets  upon  the  metacarpus,  it  dips  in  between  the 
bones,  and  reappears  upon  the  opposite  side,  lying  under  the 
roots  of  the  quills,  to  each  of  which  it  sends  an  artery ;  it  pre- 
serves this  situation  to  the  end  of  the  metacarpal  bones,  where  it 
passes  between  the  style  analogous  to  the  little  finger  and  the 
principal  or  fore-finger,  and  pursues  its  course  along  the  edge  of 
the  latter,  to  the  extremity  of  the  wing,  supplying  each  of  the 
true  quills  with  an  artery,  and  sending  at  each  joint  of  the  finger 
a  cross  branch  to  communicate  ^vith  the  anastomosing  branches 
on  the  opposite  side. 

*  The  interosseous  artery  detaches  first  a  branch  of  some  size  to 
the  membrane  which  is  sj)read  in  the  fold  of  the  wing,  upon  which 
it  forms  several  ramifications,  fig.  94,  o.  After  this  the  artery 
dips  down  behind  the  flexor  muscles  to  get  into  the  space  between 
the  ulna  and  radius.  It  here  gives  a  branch  backward  to  com- 
municate T\4th  the  others  about  the  joint,  and  proceeds  in  the  inter- 
osseous space  as  far  as  the  carpal  joint,  during  which  course  they 
become  much  diminished  from  giving  off  several  branches  which 
are  distributed  to  the  integuments  and  the  quills  placed  upon  the 
outside  of  the  ulna.  The  remainder  of  the  interosseous  artery  is 
expended  in  small  branches  upon  the  back  of  the  carpal  joint,  the 
bastard  quills,  and  along  the  radial  edge  of  the  metaciurpal  and 
bones  of  the  fore-finger,  where  it  forms  communications  with  the 
cross  branches  of  the  ulnar  artery  already  mentioned. 

*  From  this  description  it  will  be  perceived  that  no  artery  exists 
in  birds  strictly  analogous  to  the  radial ;  that  there  are  no  palmar 
arches ;  and  that  the  size  of  the  interosseous  artery,  and  the 
course  of  the  ulnar,  along  the  outside  of  the  metacarpus,  are 
peculiarities  which  arise  from  the  necessity  of  affording  a  large 
supply  of  blood  to  the  quills  during  their  growth. 

*  The  descending  aortas  fig.  93,  19,  makes  a  curve  round  the 
right  auricle  and  right  bronchus,  in  order  to  get  upon  the  pos- 
terior surface  of  the  heart,  after  which  its  course  is  close  along  the 
spine,  in  which  situation  it  is  bound  down  by  cellular  substance, 
and  the  strong  membrane  or  a{>oneurosis,  which  covers  the  lungs 
on  their  anterior  part.      The  first  branches   which   this 
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appears  to  send  off  are  bronchial  arteries ;  they  arise  from  the 
fore  part  of  the  aorta,  just  when  it  arrives  upon  the  spine ;  and 
having  entered  the  lungs,  their  ramifications  accompany  those 
of  the  puhnonary  arteries.  They  appear  also  to  send  branches 
to  the  spine  and  the  spaces  between  the  ribs. 

*  The  intercostal  arteries  do  not  take  their  origin  from  the  aorta 
in  numerous  and  regular  branches  as  in  Manmials,  but  consist 
originally  of  but  few  vessels,  which  are  multiplied  by  anasto- 
moses with  each  other,  and  with  the  arteries  which  come  out  of 
the  spinal  canal.  An  arterial  plexus  is  thus  formed  round  the 
heads  of  the  ribs,  from  which  a  vessel  is  sent  to  each  of  the  inter- 
costal spaces.  Many  of  these  branches,  besides  supplying  the 
intercostal  muscles  and  ribs,  are  continued  into  the  muscles  upon 
the  outside  of  the  body  and  the  integuments.  The  anastomosis 
of  the  intercostal  arteries  round  the  ribs  is  very  similar  to  the 
plexus,  which  is  produced  by  the  great  sympathetic  nerve  in  the 
same  situation. 

*  The  aorta  produces  no  branch  which  deserves  the  name  of 
the  phrenic  artery y  as  birds  do  not  possess  that  muscular  septum 
of  the  body  to  which  the  artery  of  this  name  is  distributed  in 
other  animals. 

*  The  cceliac  artery,  fig.  93,  20,  is  a  very  large  single  trunk,  and 
arises  from  the  fore  part  of  the  aorta,  even  higher  than  the  zone 
of  the  gastric  glands.  It  descends  obliquely  for  a  short  way,  and 
then  gives  off  a  branch  which  soon  divides  into  two  or  three 
others  that  are  spread  upon  the  lower  part  of  the  oesophagus,  and 
the  side  of  the  zone  of  the  gastric  glands,  uniting  with  the  other 
arteries  of  the  oesophagus  above,  and  extending  downwards  upon 
the  posterior  side  of  the  ventricle,  and  anastomosing  with  the 
anterior  gastric  artery.  The  trunk  of  the  cceliac  now  divides  into 
two  very  large  branches,  which  from  their  distribution  we  have 
chosen  to  call  the  posterior  and  the  anterior  gastric  arteries. 

*  The  posterior  gastric  artery y  almost  as  soon  as  it  is  formed, 
detaches  the  splenic  artery ;  and  very  soon  after  it  furnishes  from 
the  posterior  side  of  the  vessel  the  right  hepatic  artery.  This 
branch  proceeds  to  the  right  lobe  of  the  liver,  which  it  enters  on 
the  side  of  the  hepatic  duct;  after  having  divided  into  two  or 
three  minute  arteries  on  its  way  to  the  liver,  it  supplies  the 
hepatic  duct  with  a  branch  which  accompanies  the  duct  to  the 
intestine,  and  is  there  lost.  The  posterior  gastric  artery  then 
runs  down  upon  the  back  of  the  gizzard,  and  opposite  to  the 
origin  of  the  first  intestine  it  sends  off  an  artery,  which  proceeds 
directly  to  one  of  the  coeca  (in  the  Fowl),  upon  which  and  the 


198  ANATOMY   OF  VERTEBRATES. 

side  of  the  next  intestine  it  is  expended,  inosculating  at  the  end 
of  the  coecum  with  branches  of  the  mesenteric  artery,  which  are 
distributed  to  the  adjoining  portion  of  the  small  intestine.  The 
posterior  gastric  then  furnishes  a  large  vessel  which  runs  upon 
the  gizzard,  and  divides  into  two  chief  branches,  which  penetrate 
the  substance  of  the  digastric  muscle,  in  which  they  are  lost. 

*  The  next  branch  of  the  posterior  gastric  artery  is  the  pan- 
creatic. It  runs  between  the  two  pancreatic  glands,  dispensing 
branches  to  each  and  to  the  duodenum.  After  this  the  trunk  of 
the  posterior  gastric  divides  into  two  branches,  which  furnish 
twigs  to  the  muscular  parietes  of  the  ventricle,  and  run  along 
the  margins  of  the  upper  and  lower  portions  of  the  digastric 
muscle,  supplying  them  with  numerous  twigs,  and  anastomosing 
with  the  ramifications  of  the  other  gastric  arteries. 

*  The  anterior  gastric  artery  descends  to  the  angle  formed  by 
the  bulbus  glandulosus  and  the  gizzard,  and  there  sends  off  a 
small  branch  which  spreads  upon  the  zone  of  the  gastric  glands, 
and  inosculates  with  the  first  ramifications  of  the  cceliac,  and 
inunediately  afterwards  it  detaches  a  large  artery,  which  runs 
round  the  superior  margin  of  the  digastric  muscle,  which  it  fur- 
nishes with  many  twigs,  and  communicates  freely  with  the  corre- 
sponding branch  of  the  posterior  gastric  artery. 

*  Three  small  hepatic  arteries  take  their  origin  from  this  branch 
of  the  anterior  gastric,  just  as  it  passes  over  the  highest  part  of 
the  margin  of  the  gizzard ;  these  vessels  enter  the  fissure  in  the 
left  lobe  of  the  liver.  The  anterior  gastric  artery  now  proceeds 
along  the  fore  part  of  the  gizzard,  sending  one  or  two  branches 
into  the  muscular  substance,  and  near  the  tendon  it  terminates  in 
two  large  vessels,  one  of  which  is  distributed  upon  the  left  side  of 
the  digastric  muscle,  and  the  other  passes  a  little  over  the  tendon, 
and  then  divides  into  two  arteries,  which  produce  several  branches 
that  disappear  in  the  substance  of  the  gizzard,  and  between  the 
digastric  muscles  and  the  parietes  of  the  ventricle,  anastomosing 
with  the  vessels  of  the  posterior  side. 

*The  superior  mesenteric  artery,  fig.  93,  21,  takes  its  origin 
from  the  fore  part  of  the  aorta,  a  little  below  the  coeliac,  and  pro- 
ceeds for  some  way  without  detaching  any  branches ;  after  which 
it  experiences  the  same  kind  of  division  and  subdivision  that  takes 
place  in  Mammalia ;  and  the  numerous  arteries  which  are  thus 
ultimately  produced  are  spent  upon  the  small  intestines.  One  of 
the  first  and  largest  branches  of  the  superior  mesenteric,  however, 
is  allotted  to  supply  one  of  the  coeca,  and  to  establish  a  communi- 
cation with  the  inferior  mesenteric  and  gastric  arteries.     This 
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branch,  soon  after  it  leaves  the  trunk  of  the  superior  mesenteric, 
divides  into  two.  One  descends  upon  the  rectum,  where  it  meets 
with  the  inferior  mesenteric  artery,  with  which  it  produces  a  very 
remarkable  anastomosis,  similar  to  the  mesenteric  arch  in  the 
human  subject ;  this  united  artery  supplies  the  rectum  and  origin 
of  the  cocca.  The  second  portion  of  this  branch  of  the  superior 
mesenteric  runs  in  the  space  between  the  last  part  of  the  small 
intestine  and  the  coecum  of  one  side,  sending  numerous  branches 
to  each,  and  at  the  end  of  the  coecum  communicates  in  a  palpable 
manner  with  another  branch  of  the  superior  mesenteric  artery, 
which  runs  upon  the  adjoining  part  of  the  small  intestine. 

*  A  branch,  arteria  spermatica,  fig.  93,  22,  arises  from  the 
anterior  part  of  the  aorta,  just  below  the  lungs ;  it  is  designed 
for  the  nutrition  of  the  organs  of  generation,  and  except  in  the 
season  for  propagation,  it  is  so  small  as  to  be  discovered  with 
difficulty ;  but  when  the  testicles  become  enlarged,  it  is  consider- 
ably increased  in  size  in  the  male  bird,  and  much  more  so  in  the 
female,  when  the  ovary  and  oviduct  are  developed  for  producing 
eggs.  It  nearly  equals  the  superior  mesenteric  artery  during  the 
period  of  laying,  in  which  state  we  shall  describe  it.  It  is  a 
single  artery,  like  the  cocliac  and  mesenteric,  proceeds  at  a  right 
angle  from  the  aorta,  and  soon  sends  off  a  branch,  which  goes 
into  the  kidney  of  the  left  side,  to  which  it  gives  some  twigs,  and 
afterwards  emerging  from  the  kidney,  it  runs  in  the  membrane  of 
the  oviduct,  upon  which  it  is  distributed.  After  this  branch  is 
detached,  the  artery  projects  a  little  farther  forward  into  the 
cavity,  and  divides  into  two  branches ;  one  of  these  goes  to  the 
ovary,  in  which  it  ramifies,  and  furnishes  an  artery  of  some  size 
to  each  of  the  cysts  containing  the  ova.  The  other  is  distributed 
in  numerous  branches  to  the  membrane  and  superior  parts  of  the 
oviduct,  and  inosculates  with  the  other  arteries  of  the  oviduct. 
It  deserves  to  be  remarked,  that  this  and  all  the  other  arteries 
which  are  furnished  to  the  oviduct  have  a  tortuous  or  undulating 
course,  in  the  same  manner  as  the  vessels  of  the  uterus  of  the 
human  subject. 

*  There  are  no  regular  emulgent  arteries  in  birds ;  the  kidneys 
deriving  their  blood  from  various  sources,  which  will  be  pointed 
out  as  they  occur. 

*  The  inferior  extremity  is  supplied  with  two  arteries,  which 
have  a  separate  origin  from  the  aorta.  One  corresponds  to  the 
femoral,  and  the  other  to  the  ischiadic  artery. 

^  The  femoral  artery ^  figs.  93^  84.  Ji.  ift-a  imaU  trunk,  which 
takes  its  origin  from  the  aide  ^  bAa  to  the  notch 
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in  the  bones  of  the  pelvis  immediately  under  the  last  rib.  This 
notch  is  formed  into  a  round  hole  in  the  recent  subject  by  a  liga- 
ment which  is  extended  from  it  to  the  rib ;  and  it  is  through  this 
hole  that  the  femoral  artery  makes  its  exit  from  the  pelvis ;  just 
before  it  passes  out  upon  the  thigh,  it  sends  off  a  long  branch,  25, 
which  runs  backward  the  whole  length  of  the  margin  of  the  pel- 
vis, dispensing  arteries  to  the  abdominal  muscles  on  one  side,  and 
the  obturator  internus  on  the  other.  This  branch  also  appears 
to  supply  one  to  the  oviduct.  The  femoral  artery,  immediately 
after  leaving  the  pehds,  separates  into  two  branches ;  one  goes 
upward  and  outward,  ramifjring  amongst  the  muscles  in  that 
situation ;  the  other  turns  downward,  and  is  distributed  to  the 
flexors  of  the  limb  and  round  the  joint,  and  sends  an  artery  to 
the  edge  of  the  vastus  internus,  which  can  be  traced  as  far  as  the 
knee.  The  kidneys  appear  to  derive  some  irregular  inconsider- 
able branches  from  the  femoral  artery  while  it  is  within  the  pelvis. 

*  The  ischiadic  artery^  figs.  89,  93,  26,  is  the  principal  trunk  of 
the  lower  extremities,  exceeding  very  much  in  size  the  femoral. 
When  it  is  produced  by  the  aorta,  it  appears  to  be  the  continua- 
tion of  that  trunk ;  the  remaining  part  of  the  aorta  becomes  so 
much  and  so  suddenly  diminished,  and  seems,  as  it  were,  to  pro- 
ceed as  a  branch  from  the  back  part  of  the  vessel. 

*  The  ischiadic  artery,  while  in  the  pelvis,  is  concealed  by  the 
kidneys,  in  which  situation  it  gives  a  branch  from  its  lower  side, 
which  divides  into  three  others  that  are  distributed  to  the  sub- 
stance of  the  kidneys ;  one  of  these  on  the  left  side  is  continued 
out  of  the  kidney  to  be  lost  upon  the  oviduct.  The  artery  leaves 
the  pelvis  by  the  ischiadic  foramen  in  company  with  the  great 
nerve;  while  within  the  foramen  it  gives  a  branch  obliquely 
downward  under  the  biceps  to  the  muscles  lying  in  the  pelvis ; 
and  as  it  passes  over  the  adductor  it  sends  off  another  along  the 
lower  edge  of  that  muscle,  which  is  chiefly  lost  in  the  semi-mem- 
branosus.  It  then  detaches  several  small  branches  to  the  muscles 
on  the  outer  and  fore  part  of  the  thigh,  some  of  which  anasto- 
mose round  the  joint  with  the  branches  of  the  femoral  artery. 
Just  as  die  ischiadic  arrives  in  the  ham,  it  furnishes  a  very  large 
branch  downward,  which  divides  into  two  ;  one  goes  under  tide  gas- 
trocnemius, to  which  and  the  deep-seated  flexors  its  branches  are 
distributed  as  far  as  the  heel :  the  other  is  analogous  to  the 
peroneal  artery ;  it  goes  to  the  outside  of  the  leg,  supplies  the 
peroneal  muscles  posteriorly,  and  passes  along  the  outer  edge  of 
the  flexors  of  the  toes  to  the  heel,  above  which,  and  behind  the 
flexor  tendon,  it  divides,  nmning  on  each  side  of  the  heel,  and 
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forming  several  articular  arteries  around  the  joint,  and  communi- 
cating with  the  other  branch,  and  with  the  anterior  tibial,  and 
the  metatarsal  branch  of  the  plantar  artery. 

*  The  articular  arteries  go  off  next  from  the  artery  in  the  ham; 
the  two  principal  ones  are  deep-seated.  One  proceeds  under  the 
vastus  intemus  to  the  external  part  of  the  joint ;  the  other  is 
lai'ge,  and  situated  upon  the  inside.  It  forms  two  vessels :  one 
is  the  true  articular  artery,  and  spreads  upon  the  ligaments  of  the 
joint ;  the  other  is  distributed  in  the  substance  of  the  flexor  of 
the  heel,  which  is  placed  upon  the  inside  and  fore  part  of  the  leg, 
and  comes  out  upon  the  edge  of  this  muscle  to  be  lost  in  the 
integuments. 

*  The  posterior  tibial  artery ^  fig.  94,  28,  is  extremely  small ;  it 
only  supplies  muscular  branches  to  the  internal  head  of  the 
gastrocnemius,  and  some  of  the  flexors  of  the  toes ;  it  is  lost  on 
the  inside  of  the  heel  in  anastomoses  with  the  peroneal  artery, 
and  other  small  superficial  branches. 

*  The  trunk  of  the  artery  of  the  leg  now  gets  upon  the  poste- 
rior surface  of  the  tibia,  and  sends  off,  through  the  deficiency  left 
between  the  tibia  and  fibula  at  the  superior  part,  a  branch  which 
is  distributed  to  all  the  muscles  upon  the  fore  part  of  the  leg. 
The  artery  then  creeps  along  the  back  of  the  bones  for  some 
way,  and  passing  between  them  above,  where  the  fibula  is  anchy- 
losed  with  the  tibia,  it  reappears  on  the  anterior  part  of  the  leg 
in  the  situation  of  the  anterior  tibial  artery  \  at  this  place  it 
detaches  some  very  small  branches,  which  frequently  divide  and 
unite  again,  to  produce  a  most  singular  reticulation  or  plexus  of 
vessels,  which  closely  adheres  to  the  trunk  of  the  artery,  and  is 
continued  with  it  as  far  as  the  articulation  of  the  tibia  with  the 
metatarsal  bone,  where  it  disappears  without  seeming  to  answer 
any  useful  design.  This  plexus  resembles  in  appearance  exactly 
the  division  of  the  arteries  of  the  extremities,  which  has  been 
described  by  Mr.  Carlisle  in  the  tardigrade  quadrupeds,  but 
differs  from  it  in  this  circumstance,  that  the  trunk  of  the  artery 
is  preserved  behind  it,  without  suffering  any  material  diminution 
of  its  size. 

*  The  anterior  tibial  artery  furnishes  no  branch  of  any  impor- 
tance during  the  time  it  is  proceeding  along  the  fore  part  of  the 
leg.  It  passes  under  the  strong  ligament  which  binds  down  the 
tendons  of  the  anterior  muscles  of  the  leg,  and  over  the  fore  part 
of  the  joint  on  the  inside  of  the  tendon  of  the  tibialis  anticus,  at 
which  places  it  distributes  some  branches  which  inosculate  with 
the  other  arteries  round  the  joint;  it  then  pursues  its  course  iu 
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does  not  admit  of  the  distinction  into  external  and  internal ;  it 
proceeds  superficially  along  the  side  of  the  neck  in  company  with 
the  par  yagum.  The  vein  of  the  right  side  exceeds  the  other  in 
size ;  it  is  often  twice  as  large.  The  jugular  vein  receiTes  several 
lateral  branches  from  the  muscles  and  integuments  of  the  neck, 
ib.  df  the  oesophagus^  &c.  (the  veins  from  the  crop  joining  the 
jugular  are  shown  at  c) :  one  of  these  near  the  head  is  much 
longer  than  the  rest,  ib.  e ;  it  lies  deep  amongst  the  muscles,  and 
appears  to  communicate  with  the  vertebral  vein*  There  is  a 
branch  of  the  jugular  which  goes  to  the  superior  larynx  amongst 
the  muscles  of  the  tongue  and  of  the  hyoid,  and  another  for  the 
muscles  within  the  jaws  and  the  integuments  in  the  back  of  the 
mouth ;  these  might  be  called  the  lingualy  thyroid^  and  submaxil' 
lary  veins,  ib.  y.  A,  i. 

^  The  jugular  veins  form  a  remarkable  conununication  with 
each  other  immediately  below  the  cranium,  by  means  of  a  cross 
branch,  generally  of  an  equal  size  Mrith  the  trunks  themselves. 
From  each  side  of  the  arch  thus  formed  there  issues  a  lai^ 
vessel,  which  is  made  up  of  the  veins  of  the  external  part  of  the 
head;  one  of  these  passes  round  the  tympanic,  and  apparently 
penetrates  the  joint  of  that  bone  with  the  lower  jaw ;  it  appears 
in  several  branches  upon  the  side  of  the  cheek,  and  contributes 
to  form  a  plexus  of  veins  below  the  posterior  part  of  the  orbit, 
ib.  A,  similar  to  the  arterial  plexus  already  described  in  that 
situation.  The  principal  branch  of  the  veins  of  the  head  passes 
obliquely  round  the  pterygoid  bone,  and  below  the  orbit  divides 
into  several  large  vessels,  one  of  which  belongs  to  the  back  part 
of  the  palate ;  another  ascends  on  the  orbit,  and  unites  vrith  the 
ophthalmic  vein ;  and  a  third  is  distributed  to  the  interior  of  the 
organ  of  smell,  the  palate,  and  the  external  parts  of  the  upper 
and  lower  jaws.  These  branches  produce  plexuses  along  the 
base  of  the  orbit  and  the  external  edge  of  the  palate^  which 
correspond  to  those  of  the  arteries  before  described.'  * 

The  sinuses  of  the  brain  are  irregular  in  form,  and  consist  of 
flattened  canals.  The  principal  ones,  besides  those  upon  the 
cerebellum,  are  the  sui)erior  longitudinal,  and  one  which  runs 
along  the  lower  edge  of  each  hemisphere  of  the  cerebrum ;  there 
ap})cars  to  be  also  one  upcm  the  side  of  the  cerebellum^  corre- 
sponding to  the  lateral  sinus.  All  these  sinuses  communicate 
with  each  other  on  the  back  of  the  cerebellum,  and  seem  to  di»> 
charge  their  contents  principally  into  sonic  veins  which  lie  in  the 
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myelonal  sheath,  and  these  appear  to  dispose  of  their  blood 
gradually,  as  they  descend  in  the  neck,  by  means  of  lateral  com- 
munication with  the  vertebral  veins.  The  superior  longitudinal 
sinus  is  continued  at  its  anterior  part  under  the  frontal  and  nasal 
bones,  and  anastomoses  with  the  ophthalmic  and  nasal  veins. 
There  are  other  small  sinuses  in  the  several  duplicatures  of  the 
dura  mater. 

The  veins  of  the  wingSy  which  are  derived  from  the  parts  within 
the  chest,  the  muscles  about  the  scapula,  and  the  pectoral  muscles, 
accompany  the  arteries  of  the  same  parts  so  regularly  that  their 
course  does  not  require  description. 

The  axillary  vein^  fig.  94,  /,  lies  considerably  lower  in  the  axilla 
than  the  artery,  but  still  continues  to  receive  corresponding 
branches  (wi  indicates  the  great  pectoral  vein).  The  trunk  of 
the  vein  descends  in  the  course  of  the  humeral  artery,  but  more 
superficially  ;  in  this  situation  it  may  be  called  the  humeral  vein, 
ib.  n.  Branches  of  this  vein  accompany  the  articular  and 
profunda  arteries,  and  at  the  middle  of  the  humerus  a  large 
branch  of  the  vein  enters  the  bone ;  there  are  also  two  very 
small  branches  which  lie  in  close  contact  with  the  humeral  artery, 
which  they  accompany  nearly  its  whole  length. 

The  principal  vein  of  the  wing  divides  into  two,  opposite  to 
the  joint  of  the  humerus  with  the  fore-arm.  One  of  these 
branches,  ib.  o,  belongs  to  the  sides  of  the  radius;  it  receives 
blood  from  the  muscles  and  skin  on  the  upper  part  of  the  fore- 
arm, but  its  chief  vessels  lie  between  the  integuments  of  the  fold 
of  the  wing.  The  other  branch  of  the  humeral  vein,  ib.  /?,  crosses 
the  fore-arm,  just  below  the  articulation,  in  company  with  the 
nerve,  and  running  along  the  inferior  edge  of  the  ulna,  receives 
a  branch  from  between  the  basis  of  each  quill,  is  continued  along 
the  ligament  which  sustains  the  rest  of  the  quills  to  the  extremity 
of  the  wing,  receiving  many  veins  of  the  joints  from  the  opposite 
side  of  the  fingers.  Besides  these  large  superficial  veins  of  the 
fore-arm,  there  appears  to  be  one,  and  sometimes  two,  small 
accompanying  veins  to  the  ulnar  and  interosseous  arteries,  ib.  q. 

The  inferior  vena  cava,  ib.  K,  before  it  enters  the  auricle.  A,  re- 
ceives as  usual  the  hepatic  veins,  ib.  s;  these  are  numerous,  and  open 
into  the  cava  as  it  passes  behind  the  liver,  or  more  frequently 
Avithin  the  substance  of  that  viscus  in  the  back  part. 

The  trunk  of  the  vena  cava  is  very  short  in  the  abdomen ;  it 
separates  into  two  great  branches  analogous  to  the  primary  iliac 
veins,  ib.  t,  opposite  to  the  adrenals ;  these  turn  to  each  side,  and 
experience  a  very  singular  distribution.      On  coming  near  the 
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peroneal  veins.  The  first  is  joined  by  some  branches  from  the 
surface  of  the  joint  answering  to  the  articular  arteries;  it  also 
receives  the  anterior  tibial  vein  which  accompanies  the  artery  of 
the  same  name.  The  tibial  vein  proceeds  down  the  leg  along 
with  the  artery  on  the  inside  of  the  deep-seated  flexors  of  the 
heel :  it  turns  over  the  fore  part  of  the  articulation  of  the  tibia 
with  the  metatarsal  bone,  in  order  to  get  upon  the  inner  side  of  the 
metatarsus ;  above  die  origin  of  the  poUex,  it  receives  a  com- 
municating branch  from  the  peroneal  vein,  and  immediately  after 
two  branches  from  the  toes :  one  of  them  comes  from  the  inside 
of  the  internal  toe  ;  the  other  arises  from  the  inside  of  the  exter- 
nal and  middle  toes,  unites  at  the  root  of  the  toes  in  the  sole  of 
the  foot,  and  is  joined  by  a  branch  from  the  poUex,  before  its  ter- 
mination in  the  internal  vein  of  the  metatarsus. 

*  The  peroneal  vein  derives  its  principal  branches  along  with 
those  of  the  peroneal  artery,  from  the  muscles  on  the  outside  of 
the  leg.  The  trunk  of  the  vein  comes  out  from  the  peroneal 
muscles,  and  passes  superficially  over  the  joint  of  the  heel,  and 
along  the  outside  of  the  metatarsus ;  near  the  pollex,  or  great 
toe,  it  sends  a  branch  round  the  back  of  the  leg,  to  communicate 
with  the  tibial  vein ;  after  which  it  is  continued  upon  the  outside 
of  the  external  toe  to  the  extremity,  receiving  anastomosing 
branches  from  the  tibial  vein. 

*  Where  the  veins  run  superficially  upon  the  upper  and  lower 
extremities,  they  seem  to  supply  the  place  of  the  branches  of  the 
cephalic^  basilic,  and  the  two  saphence ;  but  the  analogy  is  lost 
upon  the  upper  arm  and  thigh,  these  branches  forming  deep-seated 
trunks ;  this  constitutes  the  greatest  peculiarity,^  as  compared 
with  Man  and  many  Mammals,  in  the  distribution  of  the  veins 
in  the  extremities  of  Birds.' 

*    XLIII*. 
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§  156.  Lungs  of  Birds,  Notwithstanding  the  extent  and  ac- 
tivity of  the  respiratory  function  in  Birds,  the  organs  subser- 
vient thereto  manifest  more  of  the  Reptilian  than  of  the  Mamma- 
lian type  of  formation. 

The  lungs  are  confined,  as  in  the  Tortoise,  to  the  back  part  of 
the  thoracic-abdominal  cavity,  being  firmly  attached  to  the  ribs 
and  their  interspaces ;  and,  as  in  the  Serpent,  they  communicate 
with  large  membranous  cells  which  extend  into  the  abdomen  and 
serve  as  reservoirs  of  air.  In  the  Apteryx  alone  they  do  not 
penetrate  the  diaphragm. 

In  those  aquatic  Birds  which  are  deprived  of  the  power  of 
flight,  as  the  Penguin,  the  air-receptacles  are  confined  to  the 
abdomen  ;  but  in  the  rest  of  the  class  they  extend  along  the  sides 
of  the  neck,  and,  escaping  at  the  chest  and  pelvis,  accompany 
the  muscles  of  the  extremities.  They  also 
penetrate  the  medullary  cavities  and  diploe 
of  the  bones,  extending  in  different  species 
through  different  proportions  of  the  osseous 
system,  until  in  Volitores^  even  in  the  Horn- 
bill,  every  bone  of  the  skeleton  is  per- 
meated by  air.  There  is.  Indeed,  no  class  of 
Animals  so  thoroughly  penetrated  by  the 
medium  in  which  they  live  and  move  as  that 
of  Birds. 

The  lungs  are  two  in  number,  of  a  length- 
ened, flattened,  oval  shape,  fig.  95,  extend- 
ing along  each  side  of  the  spine  from  the 
second  dorSal  vertebra  to  the  kidneys,  and 
laterally  to  thftynction  of  the  vertebral  with 
the  stemal^blr  They  are  not  suspended 
freely ,tnorJlmded  into  lobes,  as  in  Manmials ; 
but  aAu«<^fined   to   the   back   part  of  the  chest  by  cellular 
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membrane^  and  the  pleura  is  reflected  over  the  sternal  surface 
only,  to  which  the  strong  aponeurosis  of  the  diaphragmatic  muscles 
is  attached.  They  arc  consequently  smooth  and  even  on  that 
surface,  but  posteriorly  are  accurately  moulded  to  the  inequalities 
of  the  ribs  and  intercostal  spaces  :  the  bosses  varying  in  number 
from  four  to  seven  {Apteri/x)  or  eight  (Emeu). 

The  lungs  in  general  are  of  a  bright  red  colour,  and  of  a  loose 
spongy  texture.  The  bronchi,  fig.  85,  r,  fig.  95,  tf,  penetrate 
their  mesial  and  anterior  surfaces  about  one-fourth  from  the  upper 
extremities,  become  membranous,  dilate,  give  off  branches,  which 
diverge  as  they  run  along  the  anterior  surface ;  and  the  trunk 

divides  into  the  two  which  open 
at  b,  by  into  the  thoracic-ab- 
dominal air-receptacles.  These 
orifices  are  oblique,  and  are  par- 
tially covered  by  a  slight  projec- 
tion of  membrane.  Some  cartila- 
ginous traces  are  found  through 
their  entire  extent. 

The  pulmonary  artery  divides, 
almost  immediately  after  its  ori- 
gin, into  two  branches,  one  to 
each  lung;  the  ramifications  of 
each  artery  form  plexuses,  fig. 
96,  B,  which  chiefly  compose  the 
pulmonary  tissue :  the  pulmo- 
nary veins  leave  each  lung  by  a 
single  trunk,  and  the  two  trunks 
unite  into  one  before  terminating 
in  the  left  auricle. 

The  superficial  primary  branches 
of  the  bronchi,  fig.  95,  c,  c,  send 
off  deeper-seated  secondary  ones, 
fig.  96,  a,  «,  which  maintain  a  uniform  diameter  to  their  csBcal 
terminations :  the  tertiary  bronchi,  ib.  b,  b,  distributed  penniformly, 
also  maintain  a  regular  diameter,  and  open  upon  a  dense  laby- 
rinth of  blood-vessels,  ib.  b.  The  mucous  ciliated  lining  of  the 
bronchi  ceases  with  them ;  and  the  capillaries  of  the  pulmonary 
tissue  are  covered  only  by  a  hyaline  epithelium,  so  as  to  appear 
naked.  ^  The  ultimate  pulmonary  capillaries  do  not  form  a  net- 
work lining  definitely  bounded  air-cells,  but  each  capillary  crosses 


A.  LobnJe  of  the  long  of  a  bird  represented  in  Ideal 
longitudinal  section,    oclxviil 
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an  air-space  of  its  own ;  they  interlace  in  every  direction,  forming 
a  cubic  mass  of  capillaries  permeated  everywhere  by  air.  In 
fig.  97,  a  is  the  cavity  of  a  bronchial  tube,  b  its  lining  mem- 
brane supporting  blood-vessels  with  large  areolas ;  c,  c,  perforations 
in  the  membrane  at  the  orifices  of  the  lobular  passages,  </,  d :  e,  ^, 
are  interlobular  spaces  containing  the  terminal  branches  of  the 
pulmonary  vessels  supplying  the 
capillary  plexus,  /,  /,  to  tlie 
meshes  of  which  the  air  gets  ac- 
cess by  the  lobular  passages.  ^ 

§  157.    Air-cells  of   Birds, —  ^pp  *\ 

The  thoracic-abdominal  cavity  is  ^  IF^ 

subdivided  and  intersected  by  a  :^,  * 

number     of     membranes ;     the        .k%  ..       ;  A^^/ 

greater    part   of  the   cells  thus        *^  ■'    .    ^ 

formed  are  filled  with  air.     The  ^    ^' 

texture    of   their   parietes   pos-         *'  .^\,'^ . 

sesses   considerable    firmness   in  *^«*  S^^S^" 

the  larger  birds,  as  the  Ostrich  ^  '^'  ' 

and    Cassowary.  Beetlon  throogh  a  bronehtiil  tube,  lung  of  Bird. 

The  innermost  layer  ot  the  air- 
reccptacles  can  be  separated  from  the  outer  layer,  and  is  a  con- 
tinuation of  the  lining  membrane  of  the  bronchial  tube ;  the  outer 
layer  is  a  serous  membrane,  and  appears  to  form  the  cells  by  a 
series  of  reflections  of  what  may  be  regarded  as  the  pleura  or 
peritoneum. 

These  large  membranous  receptacles,  into  which  the  extremi- 
ties of  the  bronchial  bifurcation  and  also  some  of  the  preceding 
branches  open,  are  disposed  with  sufiBcient  general  regularity  to 
admit  of  a  definite  description  and  nomenclature. 

The  first  or  interclavicular  air-cell,  fig.  98,  a,  extends  from  the 
anterior  part  of  each  lung,  forward  to  the  interspace  of  the  fur- 
culum,  anterior  to  which  it  dilates  in  the  Gannet  and  many  other 
birds  into  a  large  globular  receptacle.  In  the  Vultures  it  is 
divided  into  two  lateral  receptacles,  between  which  the  large  crop 
is  situated.  A  thin  fan-shaped  muscle  is  extended  from  the 
anterior  edge  of  the  furculum,  over  the  interclavicular  air-cell  in 
these  and  some  other  birds. 

The  anterior  thoracic  cell,  ib.  6,  contains  the  lower  larynx  and 
bronchi,  and  the  great  vessels  with  their  primary  branches  to  the 
head  and  wings.  It  is  traversed  by  numerous  membranous  septa, 
which  connect  the  different  vessels  together,  and  maintain  them 
in  their  situations.     The  lur  passes  into  the  posterior  part  of  this 
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receptacle  by  two  openings  at  the  anterior  part  of  the  lungs.  The 
deep-seated  air-cells  of  the  neck  are  continued  from  it  anteriorly. 
The  lateral  thoracic  cells,  ib.  d,  are  continued  on  each  side 
from  a  foramen  on  the  inner  edge  of  the  lung,  situated  just 
opposite  the  base  of  the  heart ;  they  are  covered  by  the  anterior 
thoracic  air-cell,  and  from    them    the  air  passes    into  the  axil- 

lary  and  subscapular  cells,  into 
those  of  the  wing,  and  into 
the  humerus,  ib.  e.  They  also 
communicate  with  the  cellula 
cordis  posterior^  ib.  c,  behind 
the  heart  and  bronchi,  which 
cell  is  often  subdivided  into 
several  small  ones. 

The  cellules  hepaticcB  are  of 
much  larger  size ;  they  are  two 
in  number,  of  a  pyramidal 
figure,  with  their  bases  applied 
to  the  lateral  thoracic  cells,  and 
their  apices  reaching  to  the 
pelvis :  they  cover  the  lower 
portions  of  the  lungs  and  the 
lobes  of  the  liver ;  they  receive 
air  from  several  foramina  situ- 
ated near  and  at  the  external 
edge  of  the  lungs. 

The  cellulcB  ahdominales  com- 
mence beneath  the  cellulse  he- 
paticas  at  the  inferior  extremity 
of  the  lungs,  where  the  longest 
branches  of  the  bronchise  open 
freely  into  them.  (A  bristle  is 
passed  through  one  of  these 
openings  in  the  figure.)  They 
are  distinguished  into  right  (Ji) 
and  left  {/)  :  the  former  is  ge- 
nerally the  largest  receptacle  in  the  body ;  it  extends  from  the 
last  ribs  to  the  anus,  and  covers  the  greater  part  of  the  small  in- 
testines, the  suprarenal  gland,  and  kidney  of  the  same  side.  The 
left  abdominal  cell,  /,  contains  the  intestines  of  its  own  side,  and 
is  attached  to  the  gizzard.  In  some  large  Birds,  as  the  Gannet,  it 
is  separated  from  the  right  receptacle  by  a  mediastinal  membrane^ 
ff,  which  is  continued  on  from  the  gizzard  to  the  anus. 


Air-receptacles  ot  a  Swan. 
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Both  the  abdominal  receptacles  transmit  air  to  the  pelvic  cells, 
I,  A,  of  their  respective  sides,  and  to  several  small  and  extremely 
delicate  cells  between  and  behind  the  coils  of  intestine.  One  of 
these  is  continued  round  the  fold  of  the  duodenum  and  pancreas 
to  the  gizzard,  and  ha,s  been  termed  the  duodenal  cell. 

From  the  inguinal  cell  are  continued  the  intermuscular  glutceal 
and  femoral  cells,  which  surround  the  head  of  the  femur,  and 
communicate  with  that  bone  by  an  aperture,  /,  situated  imme- 
diately anterior  to  the  great  trochanter,  except  in  those  Birds  in 
which  the  femur  retains  its  medulla. 

The  cervical  air-cells  are  continued  from  the  large  clavicular 
cell,  and  form  in  the  Argala  and  Bustard,  fig.  54,  a,  a  singular 
appendage  or  pouch,  contained  in  a  loose  fold  of  integument, 
which  the  bird  can  inflate  at  pleasure. 

In  the  Pelican  and  Gannet  extensive  air-cells  are  situated 
beneath  almost  the  whole  of  the  integument  of  the  body,  which  is 
united  to  the  subjacent  muscles  only  here  and  there  by  the  septa 
of  the  cells  and  the  vessels  and  nerves  which  are  supported  by  the 
septa  in  their  passage  to  the  skin.  The  large  pectoral  muscles  and 
those  of  the  thigh  present  a  singular  appearc^nce,  being,  as  it  were, 
cleanly  dissected  on  every  side,  having  the  air-cavities  above  and 
beneath  them.  The  axUlary  vessels  and  nerves  are  also  seen 
passing  bare  and  unsupported  by  any  surrounding  substance 
through  these  cavities.  Numerous  strips  of  panniculus  carnosus 
pass  from  various  parts  of  the  surface  of  the  muscles  to  be  firmly 
attached  to  the  skin  ;  a  beautiful  fan-shaped  muscle  is  spread  over 
the  intercla\acular  or  furcular  air-cell.  The  use  of  these  muscles 
appears  to  be  to  produce  a  rapid  collapse  of  the  superficial  air- 
cells,  and  an  expulsion  of  the  air,  when  the  bird  is  about  to  de- 
scend, in  order  to  increase  its  specific  gravity,  and  enable  it  to 
dart  with  rapidity  upon  a  li>dng  prey. 

The  air-receptacles  of  the  thoracic-abdominal  cavity  present 
varieties  in  their  relative  sizes  and  modes  of  attachment  in  dif- 
ferent birds.  In  the  Raptores  they  are  principally  attached  pos- 
teriorly to  the  ribs,  the  diaphragmatic  aponeurosis  covering  the 
lungs,  and  to  the  kidneys;  while  in  the  Grallatores  they  have 
anterior  attachments  to  the  intestines  in  many  places. 

The  singular  extension  of  the  respiratory  into  the  osseous 
system  was  discovered  almost  simultaneously  by  Hunter  and 
Camper,  and  ably  investigated  by  them  through  the  whole  class 
of  Birds.  The  air-cells  and  lungs  can  be  inflated  from  the  bones, 
and  Hunter  injected  the  medullary  cavities  of  the  bones  from  the 
trachea.     If  the  femur  into  which  the  air  is  admitted  be  broken. 
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the  bird  is  unable  to  raise  itself  in  flight.  If  the  trachea  be  tied, 
and  an  opening  be  made  into  the  humerus,  the  bird  will  respire 
by  that  opening  for  a  short  period,  and  may  be  killed  by  inhaling 
noxious  gases  through  it.  If  an  air-bone  of  a  living  bird,  simi- 
larly perforated,  be  held  in  water,  bubbles  yill  rise  from  it,  and  a 
motion  of  the  contained  air  will  be  exhibited,  synchronous  with 
the  motions  of  inspiration  and  expiration. 

The  proportion  in  which  the  skeleton  is  permeated  by  air 
varies  in  different  Birds.  In  the  Alca  impennis,  the  Penguins 
{Aptenodj/tes)  and  the  Apteiyx,  air  is  not  admitted  into  any  of 
the  bones.  The  condition  of  the  osseous  system,  therefore,  which 
1bM  birds  present  at  the  early  periods  of  existence,  is  here  retained 
through  life. 

In  the  large  Struthious  Birds,  which  are  remarkable  for  the 
rapidity  of  their  course,  the  thigh-bones  and  bones  of  the  pelvis, 
the  vertebral  column,  ribs,  sternum  and  scapular  arch,  the 
cranium  and  lower  jaw,  have  all  air  admitted  into  their  cavities  or 
cancellous  structure.  In  the  Ostrich  the  humeri  and  other 
bones  of  the  wings,  the  tibiae  and  distal  bones  of  the  legs,  retain 
their  marrow.  Most  Birds  of  Flight  have  air  admitted  to  the 
humerus  :  the  Woodcock  and  Snipe  are  exceptions.  The  Pigeon 
tribe,  with  the  exception  of  the  Crown  Pigeon,  have  no  air  in  the 
femur,  which  retains  its  marrow.  In  the  Owls  also  the  femur  is 
filled  with  marrow;  but  in  the  Diurnal  Birds  of  Prey,  as  in 
almost  all  other  Birds  of  Flight,  the  femur  is  filled  with  air.  In 
the  Pelican  and  Gannet  the  air  enters  all  the  bones  with  the 
exception  of  the  phalanges  of  the  toes.  In  the  Hombill  even 
these  are  permeated  by  air. 

Hunter  has  given  the  following  characters  as  distinguishing  the 
bones  which  receive  air.  They  may  be  known — *  first,  by  their 
less  specific  gravity ;  secondly,  by  their  retaining  little  or  no  oil, 
and,  consequently,  being  more  easily  cleaned,  and  when  cleaned, 
appearing  much  whiter  than  common  bones :  thirdly,  by  having 
no  marrow,  or  even  any  bloody  pulpy  substance  in  their  cells ; 
fourthly,  by  not  being  in  general  so  hard  and  firm  as  other  bones ; 
and,  fifthly,  by  the  passage  that  allows  the  air  to  enter  the 
bones.'*  The  openings  by  which  the  air  penetrates  the  bones, 
may  be  readily  distinguished  in  the  recent  bone,  since  they  are 
not  filled  up  by  blood-vessels  or  nerves,  but  have  their  external 
edges  rounded  off. 

In  the  dorsal  vertebrae  the  air-orifices  are  small,  numerous,  and 
irregular;  situated  along  the  sides  of  the  bodies,  and  the  roots  of 
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the  spinous  processes,  the  air  passes  into  them  directly  from  the 
lungs.  In  the  two  or  three  lower  cervical  vertebrae  the  air-holes 
are  in  the  same  situation,  but  receive  the  air  from  the  lower 
cervical  or  clavicular  air-cells :  in  the  remainder  of  these  vertebrae 
the  air-holes  are  situated  within  the  canal  lodging  the  vertebral 
artery,  and  communicate  with  the  lateral  air-cells  of  the  neck. 

The  air-holes  of  the  vertebral  ribs  are  situated  at  the  internal 
surface  of  their  vertebral  extremities,  and  appear,  like  those  of 
the  contiguous  vertebrae,  to  have  an  immediate  commimication 
with  the  lungs.  The  sternal  ribs  have  also  internal  cavities  which 
receive  air  from  the  lateral  thoracic  cells  by  means  of  orifices 
placed  at  their  sternal  extremities. 

The  orifices  by  which  air  is  admitted  to  the  sternum  are  nu- 
.  merous,  but  are  principally  situated  along  the  mesial  line  of  the 
internal  surface,  opposite  the  origin  of  the  keel,  forming  a  reticu- 
lation at  that  part ;  the  largest  foramen  is  near  the  anterior  part 
of  the  bone ;  some  smaller  ones  occur  at  the  costal  margins.  All 
these  orifices  communicate  with  the  thoracic  air-receptacles. 

The  scapula  is  perforated  by  several  holes  at  the  articular  ex- 
tremity, which  admit  air  into  its  cancellous  structure  from  the 
axillary  cell.  The  coracoid  has  small  air-holes  at  both  extre- 
mities ;  the  largest  is  situated  on  its  inner  surface,  where  it  is  con- 
nected with  the  clavicle  or  furculum.  The  furculum  receives  air 
principally  by  a  small  hole  in  the  inner  side  of  each  of  its  scapular 
extremities,  which  communicates  with  the  clavicular  air-cell. 

The  air-hole  of  the  humerus  is  of  large  size,  and  situated  at  the 
anconal  or  back  part  below  the  head  of  the  bone,  in  the  hollow 
of  the  ulnar  or  inner  tuberosity.  It  communicates  with  the 
axillary  air-cell,  and  transmits  the  air  to  the  cavity  of  the  bone 
by  several  cribriform  foramina. 

The  air-holes  of  the  pelvic  bones  are  situated  irregularly  on  the 
inner  surface  upon  which  the  kidneys  rest,  and  must  therefore 
receive  air  from  continuations  of  the  abdominal  receptacles  around 
the  kidneys. 

A  depression  at  the  anterior  part  of  the  base  of  the  great 
trochanter  receives  air  from  the  glutaeal  cell,  and  transmits  it  by 
several  small  foramina  into  the  interior  of  the  femur.  In  the 
Ostrich,  the  air-holes  are  situated  at  the  posterior  part  of  the  bone 
at  both  its  extremities. 

The  cavities  of  the  long  bones  into  which  air  is  thus  admitted 
are  proportionally  larger  than  in  the  corresponding  bones  of  Mam- 
malia, and  are  characterised  by  small  transverse  osseous  columns 
which  cross  in  different  directions  from  side  to  side,  and  are  more 
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numerous  near  the  extremities  of  the  bone  ;  they  abut  against  and 
strengthen,  like  cross-beams,  the  parietes  of  the  bone.  The 
membrane  lining  these  cavities,  is  not  very  vascular. 

The  lower  jaw  receives  its  air  by  an  orifice  situated  upon  each 
ramus  behind  the  tympanic  articulation,  from  an  air-cell  which 
surrounds  the  joint.  The  bones  of  the  cranium  and  upper  jaw 
receive  air  admitted  to  the  tympanic  cavity  by  the  Eustachian 
tube,  not  from  the  nasal  passages.  With  these,  however,  the 
subocular  air-cell  communicates ;  and  in  the  Coot,  Water-hen, 
Goose,  and  other  water-birds,  entozoa  (^Monostoma  mutahiley  e.  g.) 
gain  access  to  that  air-cell. 

The  extension  from  the  lungs  of  continuous  air-receptacles 
throughout  the  body  is  subservient  to  the  function  of  respiration, 
not  only  by  a  change  in  the  blood  of  the  pulmonary  circulation 
effected  by  the  air  of  the  receptacles  on  its  repassage  through  the 
bronchial  tubes;  but  also,  and  more  especially,  by  the  change 
which  the  blood  undergoes  in  the  capillaries  of  the  systemic  cir- 
culation, which  are  in  contact  with  the  air-receptacles.  The  free 
outlet  to  the  air  by  the  bronchial  tubes  does  not,  therefore,  afford 
an  argument  against  the  use  of  the  air-cells  as  subsidiary  respi- 
ratory organs,  but  rather  supports  that  opinion,  since  the  inlet  of 
atmospheric  oxygenated  air  to  be  diffused  over  the  body  must  be 
equally  free. 

A  second  use  may  be  ascribed  to  the  air-cells  as  aiding  me- 
chanically the  actions  of  respiration  in  Birds.  During  the  act  of 
inspiration  the  sternum  is  depressed,  the  angle  between  the 
vertebral  and  sternal  ribs  made  less  acute,  and  the  thoracic  cavity 
proportionally  enlarged ;  the  air  then  rushes  into  the  lungs  and 
into  the  thoracic  receptacles,  while  those  of  the  abdomen  become 
flaccid :  when  the  sternum  is  raised  or  approximated  towards  the 
spine,  part  of  the  air  is  expelled  from  the  lungs  and  thoracic  cells 
by  the  trachea,  and  part  driven  into  the  abdominal  receptacles, 
which  are  thus  alternately  enlarged  and  diminished  with  those  of 
the  thorax.  Hence  the  lungs,  notwithstanding  their  fixed  con- 
dition, are  subject  to  due  compression  through  the  medium  of  the 
contiguous  air-receptacles,  and  are  affected  equally  and  regularly 
by  every  motion  of  the  steraum  and  ribs. 

A  third  use,  and  perhaps  the  one  which  is  most  closely  related 
to  the  peculiar  exigencies  of  the  bird,  is  that  of  rendering  the  whole 
body  specifically  lighter;  this  must  necessarily  follow  from  the 
desiccation  of  the  marrow  and  other  fluids  in  those  spaces  which 
are  occupied  by  the  air-cells,  and  by  the  rarefaction  of  the  con- 
tained air  from  the  heat  of  the  body. 
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Agreeably  to  this  view  of  the  function  of  the  air-cells,  it  is 
found  that  the  quantity  of  air  admitted  into  the  system  is  in  pro- 
portion to  the  rapidity  and  continuance  of  the  bird's  flight ;  and, 
where  it  is  limited,  the  air  is  distributed  to  those  members  which 
are  most  employed  in  locomotion ;  thus  the  air  is  admitted  into 
the  wing-bones  of  the  Owl,  but  not  into  the  femur ;  while  in  the 
Ostrich  the  air  penetrates  the  femur,  but  not  the  humerus  or  other 
bones  of  the  wing. 

A  fourth  use  of  the  air-receptacles  relates  to  the  mechanical 
assistance  which  they  afford  to  the  muscles  of  the  wings.  This 
was  suggested  by  observing  that  an  inflation  of  the  air-cells  in  a 
Gigantic  Crane  ( Ciconia  Argala)  was  followed  by  an  extension 
of  the  wings,  as  the  air  found  its  way  along  the  brachial  and  anti- 
brachial  cells.  In  large  birds,  therefore,  which,  like  the  Argala, 
hover  with  a  sailing  motion  for  a  long-continued  period  in  the 
upper  regions  of  the  air,  the  muscular  exertion  of  keeping  the 
wings  outstretched  will  be  lessened  by  the  tendency  of  the  dis- 
tended air-cells  to  maintain  that  condition.  It  is  not  meant  to 
advance  this  as  other  than  a  secondary  and  probably  partial 
service  of  the  air-cells.  In  the  same  light  may  be  regarded  the 
use  assigned  to  them  by  Hunter,  of  contributing  to  sustain  the 
song  of  Birds,  and  to  impart  to  it  tone  and  strength.  It  is  no 
argument  against  this  function  that  the  air-cells  exist  in  birds 
which  are  not  provided  with  the  mechanism  necessary  to  produce 
tuneful  notes ;  since  it  was  not  pretended  that  this  was  the  ex- 
clusive and  only  office  of  the  air-cells. 

§  158.  Air-passages  in  Birds, — The  air-passages  in  Birds  com- 
mence by  a  simple  superior  larynx^  from  which  a  long  trachea 
extends  to  the  anterior  aperture  of  the  thorax,  where  it  divides 
into  the  two  bronchi,  one  to  each  lung.  At  the  place  of  its  divi- 
sion there  exists,  in  most  birds,  a  complicated  mechanism  of  bones 
and  cartilages  moved  by  appropriate  muscles,  and  constituting  the 
true  organ  of  voice  :  this  part  is  termed  the  inferior  larynx. 

The  tendency  to  ossification,  which  is  exemplified  in  the  bony 
condition  of  the  sternal  ribs  and  tendons  of  the  muscles,  is  again 
manifested  in  the  framework  of  the  larynx  and  the  rings  of  the 
trachea,  which,  instead  of  being  cartilaginous,  as  in  Reptiles  and 
Mammals,  are  in  most  birds  of  a  bony  texture. 

The  superior  larynx,  figs.  73,  e — h,  99,  and  100,  is  situated  be- 
hind the  root  of  the  tongue,  and  rests  upon  the  urohyal,  fig.  73,  43, 
to  which  it  is  attached  by  dense  cellular  texture. 

It  is  composed  of  several  bony  and  cartilaginous  pieces,  varying 
in  number  from  four  to  ten.     The  largestof  these  pieces  constitutes 
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the  anterior  part  of  the  larynx.  It  is  of  an  oval  or  triangular 
form,  according  as  its  superior  termination  is  more  or  less  pointed, 
and  answers  to  the  thyroid  cartilage,  fig.  73,/.  The  cricoid  car- 
tilage is  represented  by  three  osseous  pieces,  which  are  situated  at 
the  posterior  and  inferior  part  of  the  upper  larynx ;  the  middle 
one,  fig.  73,  y,  is  of  an  oblong  form,  and  varies  in  size,  being  larger 
than  the  lateral  ones  in  the  AnatidcB,  but  smaller  in  the  Cantores. 
The  lateral  pieces  are  connected  at  one  extremity  with  the  thyroid 
piece,  and  at  the  other  to  the  middle  oblong  piece  above  described, 
which  completes  the  circle  of  the  laryngeal  framework  posteriorly : 
the  first  two  incomplete  tracheal  rings,  ib.  ^,  y,  may  represent  the 
anterior  part  of  the  cricoid.  The  arytenoid  bones,  ib.  h,  rest  upon 
the  middle  oblong  portion  of  the  cricoid,  and  extend  forward, 
being  connected  at  their  outer  edge  by  means  of  elastic  cellular 
substance  to  the  thyroid,  and  attached  by  their  anterior  extremities 
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to  the  urohyal  by  means  of  two  small  ligaments :  they  form,  by 
their  inner  margins,  the  rima  glottidis  or  laryngeal  fissure. 

This  fissure,  fig.  51,  ?,  being  thus  bounded  by  inflexible  rigid 
substances,  is  only  susceptible  of  having  its  lateral  diameter  varied 
according  to  the  degrees  of  separation  or  approximation  to  which 
the  arytenoid  bones  are  subject.  These  different  states  are  pro- 
duced by  appropriate  muscles,  one  pair  of  which  may  be  regarded 
as  Thyreo-arytenoidei^  and  the  other  may  be  termed  Constrictores 
glottidis.  The  former,  fig.  99,  A,  A,  arise  from  the  sides  and  posterior 
surface  of  the  thyroid,  and  are  inserted  into  the  whole  length  of  the 
inner  edge  of  the  arytenoids,  which  they  draw  outward,  and  conse- 
quently open  the  laryngeal  fissure.  The  Constrictores  glottidis  in 
the  Gigantic  Crane  arise  from  the  middle  of  the  internal  or  posterior 
surface  of  the  thyroid,  and  are  inserted  into  the  arytenoids :  they 
close  the  laryngeal  opening  with  such  accuracy  as  to  supersede  the 
necessity  of  an  epiglottis.     From  the  simplicity  of  the  structure 
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ju8t  described^  from  the  situation  of  the  superior  larynx  with  rela- 
tion to  the  rictus  or  gape  of  the  bill,  and  from  the  absence  of  lipa 
by  which  this  might  be  partially  or  entirely  closed,  it  is  plain  that 
it  cannot  be  considered  as  influencing  the  voice,  otherwise  than  by 
dividing  or  articulating  the  notes  after  they  are  formed  by  the 
lower  larynx.  The  superior  larynx  presents,  indeed,  but  few 
varieties  in  the  different  species  of  Birds;  and  these  relate  chiefly 
to  certain  tubercles  in  its  anterior,  which  vary  in  number,  and  do 
not  exist  at  all  in  some  species,  aa  the  Singing  Birds  ;  being  chiefly 
present  in  those  birds  which  have  a  rough  unmusical  voice.  In  the 
Pelican,  the  Gigantic  Crane,  and  most  of  the  Rasores^  a  process 
extends  backward  into  the  cavity  of  the  upper  larynx  from  the 
middle  of  the  posterior  surface  of  the  thyroid  cartilage,  and  seems 
destined  to  give  additional  protection  to  the  air-passage. 

The  trachea,  figs.  93,  94,  o,  is  proportionally  longer,  in  conse- 
quence of  the  length  of  the  neck  in  Birds,  than  in  any  other  class 
of  animals,  its  length  being  further  increased  in  many  species  by 
convolutions  varying  in  extent  and  complexity.  A  species  of 
Sloth  {Bradypus  tridactylus)  among  Alammals,  and  a  species  of 
Crocodile  ( Crocodilus  acutus)  among  Reptiles,  present  an  analo- 
gous folding  of  the  trachea. 

The  trachea  is  composed  in  Birds  of  a  series  of  bony,  and  some- 
times, as  in  the  Ostrich,  of  cartilaginous  rings,  included  between 
two  membranes.  In  those  cases  in  which  they  are  of  a  bony 
structure,  the  ossification  is  observed  to  commence  at  the  anterior 
])art  of  each  ring,  and  gradually  to  extend  on  both  sides  to  the 
opposite  part. 

The  tracheal  rings,  whether  bony  or  cartilaginous,  are,  with 
the  exception  of  the  two  uppermost,  always  complete,  and  not,  as 
in  most  quadrupeds,  where  the  windpipe  bears  a  different  relation 
to  the  organ  of  voice,  deficient  posteriorly.  They  differ  in  shape, 
being  sometimes  more  or  less  compressed.  They  are  generally  of 
uniform  breadth,  but  in  some  species  are  alternately  narrower  at 
certain  parts  of  their  circumference  and  broader  at  others,  and  in 
these  cases  the  rings  are  generally  closely  approximated  together, 
and,  as  it  were,  locked  into  one  another.  This  structure  is  most 
common  in  the  GrallatoreSy  where  the  rings  are  broadest  alternately 
on  the  right  and  left  sides. 

With  respect  to  the  diameter  of  the  tracheal  rings,  this  may 
sometimes  be  pretty  uniform  throughout,  and  the  trachea  will  con- 
sequently be  cylindrical,  as  in  the  Cantores,  the  Grallatores  which 
have  a  shrill  voice,  the  females  of  the  Nataiare^fBXi'SL  most  Raptores 
and  Rasores :  or  the  rings  may  gradiuillj  deoreMe  in  diameter, 
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forming  a  conical  trachea,  as  in  the  Turkey,  the  Heron,  the  Buz- 
zard, the  Eagle,  the  Cormorant,  and  the  Gannet ;  or  they  may  be- 
come wider  by  degrees  to  the  middle  of  the  trachea,  and  afterward 
contract  again  to  the  inferior  larynx;  or  lastly,  they  may  experience 
sudden  dilatations  for  a  short  extent  of  the  trachea ;  the  Golden-eye 
(Anas  clangula)y  the  Velvet-duck  {Anasfusca)^  and  the  Merganser 
(Mergus  8errator\  present  a  single  enlargement  of  this  kind,  in 
which  the  bony  rings  arc  entire,  and  of  the  same  texture  as  in  the 
rest  of  the  tube.  In  the  Golden-eye  the  trachea  is  four  times 
larger  at  the  dilatation  than  at  any  other  part.  In  the  Goosander 
{Mergus  merganser),  the  trachea  presents  two  sudden  dilatations 
of  a  similar  structure  to  that  above  described.  The  trachea  of  the 
Emeu  (  Dromaius  ater)  is  also  remarkable  for  a  sudden  dilatation, 
but  in  this  instance  the  cartilaginous  rings  do  not  preser^'c  their 
integrity  at  the  dilated  part,  but  are  wanting  posteriorly,  where 
the  tube  is  completed  by  the  expanded  membranes  only. 

With  regard  to  the  windings  of  the  windpipe,  in  an  Australian 
Snipe  {Rhynchcea  australis\  the  convolutions,  which  are  short, 
are  external  to  the  chest,  between  the  skin  and  the  fore  part  of 
the  pectoral  muscles.  In  the  same  position  lie  the  long  double 
coils  of  the  windpipe  in  the  Semipalmate  Goose  (Anas  semi» 
palmata),  and  the  long  single  fold  in  Ortalida  Parraqucu  In  the 
Crested  Pintado  (Numida  cristata),  the  apex  of  the  fureulnm 
forms  a  bony  cup  which  receives  a  loop  of  the  trachea.  In  the 
crestless  Guan  {Penelope  Mirail),  the  Demoiselle  (GruM  virgo)^ 
and  Stanley  Crane  (  Grus  Stanleganus\  the  trachea  forms  a  curve 
sinking  into  the  upper  and  fore  part  of  the  sternum.  In  the  com- 
mon Crane  (Grus  cinerea\  and  Serass  Crane  (Grus  Antigone\  the 
keel  of  the  sternum  is  more  deeply  hollowed  for  the  lodgment  of 
more  extensive  coils  of  the  trachea.  In  the  male  wild  Swan 
( Cygnus  ferus),  the  windpipe  describes  a  double  vertical  coil 
within  the  long  and  deep  keel  of  the  sternum  :  in  Bewick's  Swan 
(Cygnus  Bewickii),  the  distal  part  of  the  coil  lies  horizontally 
within  the  body  of  the  sternum :  the  entry  and  exit  of  the  intra- 
sternal  coils  are  shown  in  fig.  101. 

§  159.  Lower  Larynx  in  Birds. — The  main  or  essential  organ 
of  voice  is  situated  at  the  bifurcation  of  the  trachea,  ib.  a,  into 
the  bronchi,  ib.  b,  h ;  and  herein  may  be  discerned  an  analogous 
relation  to  convenient  stowage,  which  the  position  of  the  mas- 
ticatory apparatus  shows :  for  even  the  muscles  of  the  organs 
of  voice  and  the  bony  drum  of  the  larynx,  &c.,  are  brought 
beneath  the  centre  of  gravity,  at  the  base  of  the  neck,  not  accu- 
mulated at  its  anterior  extremity.     In  general  the  rings  of  tlie 
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bronchi  are  incomplete.  In  the  King- Vulture  the  entire  rings 
are  continued  a  little  way  along  the  bronchial  divisions  of  the 
trachea,  without  any  modifications,  external  or  internal,  indicative 
of  a  laryngeal  structure.  The  same  may  be  seen  in  the  Ostrich, 
where  the  bronchi  are  provided  with  entire  slender  rings  rapidly 
diminishing  in  size  aa  they  approach  the  lungs :  but  the  terminal 
rings  of  the  trachea  are  thickened  and  protrude  outward,  forming 
a  cavity  on  each  side,  the 
lining  substance  of  which 
projects  into  the  area  of  the 
tube  above  the  commence- 
ment of  each  bronchus.* 

In  most  Birds  the  bron- 
chi, figs.  85,  r,  101,  by 
are  straight,  compressed, 
and  easily  lacerable  tubes, 
strengthened  by  half-rings 
on  the  outer  side,  the  inner 
side  being  formed  by  a  mem- 
brane (*  membrana  tympani- 
formis ').  Usually  the  bronchi  rapidly  contract  as  they  approach 
the  lungs. 

The  muscles  of  the  trachea  are  the  *  stemo-tracheales,'  fig.  104, 
dy  a  long  pair,  arising  from  the  costal  processes  of  the  sternum  and 
converging  to  ascend  along  the  sides  of  the  windpipe.  To  these 
are  sometimes  added  a  second  pair  from  the  furculum,  called 
*  cleido-tracheales.'  In  Cur  sores  and  most  Rasores  the  stemo- 
tracheales  alone  are  present.  In  most  Raptores  and  Grallatores,  a 
muscle,  broncho-trachealis,  situated  on  each  side  of  the  lower  part 
of  the  trachea,  descends  to  be  inserted  into  the  first  or  second 
bronchial  half-ring  :  in  Alcedo  and  Caprimulgus  it  descends  to  the 
third  half-ring ;  in  some  of  the  Owls  its  insertion  is  still  lower, 
and  the  degree  of  tension  of  the  tympaniform  membrane  will  be 
proportionally  varied.  In  Colopterus  cristatus  an  azygos  muscle 
occupies  the  anterior  interspace  of  the  broncho-tracheales.' 

In  other  Vocal  Birds  there  is  a  double  glottis,  usually  produced 
by  a  bony  bar,  *pessulus,'  *os  transversale,'  fig.  102,  i,  which 
traverses  the  lower  end  of  the  trachea  from  before  backward :  it 
supports  a  thin  membrane  which  ascends  into  the  tracheal  area 
and,  terminating  there  by  a  free  concave  margin,  is  called  the 
^  membrana  semilunaris,'  ib.  h.    This  is  most  developed  in  Singing 


*  zx.  Tol.  u.  p.  103  (1834). 
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Birds,  and,  being  vibratile,  forms  an  important  part  of  their  trilling 
vocal  apparatus.     The  air  passes  on  each  side  the  membrana  semi* 
lunaris  and  its  sustaining  bone  to  and  from  the  bronchi  and  lungs. 
The  walls  of  the  lower  larynx  are  formed  by  modified  rings  and 
half-rings  of  the  end  of  the  trachea  and  beginning  of  the  bronchi. 
The  last  ring  of  the  trachea,  fig.  103,  t, 
usually  expands  as  it  descends,  with  its  fore 
and  hind  parts  produced,  and  the  lower  lateral 
borders  concave:  the  extremities  of  thepes- 
sulus,  fig.  102,  ?,  abut  against  the  produced 
angles,  and  expand  to  be  there  connected, 
also,  with  the  fore  and  hind  terminations  of 
the  first  half-ring  of  the  bronchus,  fig.  103, 
a,  strengthening  and  clamping  together  the 
upper  parts  of  the  vocal  framework.     The 
second  bronchial  half-ring,  ib.  &,  is  flattened 
and  curved  with   the  convexity  outward, 
like  the  first,  but  is  more  moveable.     The 
third  half-ring,  ib.  e,  is  less  curved  and  fiir- 
ther  separated  from  the  second,  to  the  ex- 
tremities of  which  its  own  are  connected  by 
ligament,  and,  for  the  intervening  extent, 
by  membrane;  its  inner  surface  supports 
the  fibrous  chord  or  fold  which  forms  the  outer  lip  of  the  glottis  of 
that  side  ;  it  is  susceptible  of  a  rotatory  movement  on  its  axis,  and 
is  an  important  agent  in  the  modulation  of 
the  voice.     All  the  above  parts,  ^,  a,  6,  c, 
fig.    103,  are  bony.     The  bronchial  half- 
rings  and  their  connecting  ligaments  and 
membranes  form  the  outer  convex  wall  of 
the  tube :  the  inner  wall  is  a  flat  membrane, 
stretched  like   a  drum-head,  between  the 
extremities  of  the  half-rings,  and  attached 
above  to  the  cross-bar,  and  through  it  to 
the  semilunar  membrane.     The  outer  part 
of  the  lower  tracheal  and  bronchial  rings, 
being   cut  away  in  fig.   102,  exposes  die 
central  surface  of  the  ^  membrana  tympa- 
niformis,'  ^,  with  its  upper  connexions  with 
the  cross-bone  t,  and  the  '  membrana  semilunaris,'  h.     Part  of 
the  peripheral  surface  of  the  tympaniform  membrane  is  seen  in 
the  front  view  of  the  lower  larynx  and  bronchi,  fig.  104,  a,  g» 
A  small  appendage  to  the  inner  margin  of  the  half-ring,  fig. 


side  view  of  cavity  of  lower 
larynx,  Baycn.    xxx*. 


103 


Lower  larynx.  Raven,    xxx: 
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i  Sfivm^  9  iMir^  rMir  «f  lower  teryax,  fLMren.    zzz*. 


103,  6,  making  a  prominence  where  the  external  vocal  fold  is 

continued  over  it^   in  the  starling,  thrush^  nightingale,  &c.,  has 

been  called  '  arytenoid  cartilage,'  from  its  analogy  to  that  of  the 

upper  larynx   of  Mammals.     The  proper  muscles  of  the  lower 

laiynxy  as  seen  in  the  Raven, 

are  shown  in  fig.  104,  in  front  '^^ 

view  A,  and  side  view  B. 

The  muscle  answering  to 
the  *  tracheo-lateralis '  in  Vo^ 
litores  expands  toward  the 
lower  end  of  the  trachea  and 
divides  into  two  fasciculi 
which  diverge,  the  one,  f^  to 
the  fore,  the  other,  a,  to  the 
back  part  of  the  bronchus,  to 
be  inserted  into  the  corre- 
sponding extremities  of  the 
third  half-ring,  fig«  104,  e. 
The  fasciculus,  fig.  104,  B,/,  is  ^  ^ 
the  ^  bronclKHtracbealis  soti' 
cus : '  the  fasciculus,  a,  is  tbe  kri(iodMHtr»4^<^is  posticus.  Beneath 
this  is  a  shorter  muscle,  ib,  ft,  tike  brc^keb^cMrs^bi^JMi  breris,  which 
is  inserted  into  the  posterior  end  of  tlie  mnowi  br<m^bial  half- 
ring- 

The  remaining  two  muscles  are  enlarged  divisioiui  or  ditkren^ 
tiated  fasciculi  of  the  common  laryngeal  muscle  (Kehlkopfmuskiel, 
Miiller*)  of  Volitoresi  the  'bronchialis  posticus,*  ib,  c,  arising 
from  the  lower  and  lateral  border  of  the  last  tracheal  ring,  swells 
into  a  'venter,*  and  contracts  as  it  passes  backward  to  be  inserted 
into  the  hinder  end  of  the  second  half-ring.  The  '  broncbialis 
anticus,'  ib.  e,  is  partly  covered  by  the  *  broncho-trachealis  anticus,' 
and  is  thick  and  ventricose :  it  arises  from  the  last  tracheal  ring 
and  passes  forward  to  its  insertion  into  the  fore  ends  of  the  first 
and  second  half-rings  and  into  the  supplemental  (arytenoid)  car- 
tilage. 

All  the  foregoing  muscles  tend  to  tighten  the  whole  or  parts  of 
the  tympaniform  membrane  which  is  below  their  points  of  inser- 
tion, and  to  relax  the  part  above  the  insertion.  They  lengthen 
the  part  of  the  bronchus  below  or  beyond  their  insertion  and 
shorten  the  part  above,  by  approximating  to  the  trachea  the  half- 
rings  they  are  attached  to.     The  chief  antagonistic  power  is  the 
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elasticity  of  the  membranes  so  put  on  the  stretch  :  but  there  is  a 
direct  ^relaxor'  of  the  tympaniform  membrane  in  the  *sterno- 
trachealis,'  ib.  rf,  which,  passing  from  the  side  of  the  trachea  to  the 
sternum,  shortens  the  whole  bronchus  as  it  draws  down  the  wind- 
pipe. This  is  the  most  constant  of  all  the  muscles  affecting  the 
lower  larynx.  It  is  reckoned  by  Savart  as  the  sixth  pair  of  vocal 
muscles,  but  not  by  Cuvier,  since  it  is  not  directly  attached  to 
any  part  of  the  lower  larynx,  and  exists  in  Birds,  as,  e.  g.,  the 
Vulture  and  Ostrich,  in  which  that  larynx  is  not  developed. 

The  manifold  ways  and  degrees  in  wliich  the  several  parts  of 
the  complex  vocal  organ  in  Cantores  may  be  affected,  each  of  the 
principal  bony  half-rings,  as  one  or  other  end  may  be  pulled,  being 
made  to  perform  a  slight  rotatory  motion,  are  incalculable :  but 
their  effects  are  delightfully  appreciable  by  the  rapt  listener  to 
the  singularly  varied  kind  and  quality  of  notes  trilled  forth  in  the 
stillness  of  gloom  by  the  Nightingale. 

In  many  of  the    Volitores  there  is  a  single  pair  of  '  broncho- 
tracheales,'  and  a  single  pair  of  short  ventricose  *  bronchiales.'     In 
Thamnophilus  each  stemo-trachealis  bifurcates  to  send  a  small  strip 
to  the  lower  larynx,  and  the  rest  to  the  side  of  the  trachea,  as 
usual.      In  Furnaria  the  stemo-trachealis  is  inserted  into  the 
upper  end  of  a  long  appendage  to  the  upper  bronchial  half-ring. 
The  Parrot  tribe  have  a  single  glottis  bounded  by  a  lateral  pair 
of  vibratile  membranes ;  each  membrane,  connecting 
105         together,  and  occupying  the  interspace  between,  the 
last  tracheal  and  first  bronchial  half-rings.     These 
have  each  one  margin  concave,  with  the  concavity 
turned  towards  each  other,  and  are  moveably  joined 
together  at  their  fore  and  hind  extremities.     These 
half-rings  expand,  and  stand  out  from  the  end  of  the 
trachea.    A  narrow  muscle,  *  tensor  longus  glottidis, 
fig.  105,  a,  passes  from  the  side  of  the  trachea  to  the 
upper  (tracheal)  half-ring ;  and,  by  raising  it,  makes 
tense  the  elliptical  elastic  membrane :  a  broader  ^  ten- 
p^t.*"2Sr.'    sor  brevis  glottidis,'  ib.  J,  passes  from  the  lower  rings 
of  the  trachea  to  the  same  half-ring,  diverging  to 
its  extremities :  a  third  narrow  muscle  passes  from  the  tracheal 
to  the  bronchial  half-rings,  ib.  c,  and,  by  approximating  them, 
relaxes  the  membrane  occupying  the  elliptical  interspace.     These 
membranes,    projecting  on   each  side  into  or    below  the  termi- 
nation of  the   air-tube,  leave   a  narrow  chink   between   them, 
through  which  the  air  passes  to  and  from  the  lungs;  and  when, 
in  forcible  expiration,  the  membranes  are   put  into  a  sufiScient 
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state  of  tension,  they  vibrate,  and  the  vocal  air  is  driven  along 
the  trachea  through  the  upper  larynx,  where  some  modification 
of  sound  may  be  made.     The  tongue  of  the  PaiTot  is  more  fleshy 
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Lower  Uumx  :  a,  rlgbt  side ;  b,  left  side.   Mergtu  $erraior.  ooozx. 

than  in  most  Birds.  These  structures,  concomitant  with  the 
single  glottis  and  pair  of  vocal  folds  in  the  lower  or  true  larynx, 
relate  to  the  faculty,  so  remarkable 
in  these  singular  birds,  of  imitating 
human  speech. 

In  the  males  of  the  Mergansers 
and  of  most  Ducks  a  certain  number 
of  the  terminal  rings  of  the  trachea 
are  welded  together  and  expanded 
into  an  irregular  bony  case,  divided 
into  two  unequal  cavities.  In  the 
Mergus  serrator^  fig.  106,  the  broad 
*  pessulus,'t,  leaves  a  passage  at  its 
upper  part,  b^  by  which  the  air  from 
the  right  bronchus,/,  can  pass  to  and 
from  the  trachea,  e :  part  of  the  outer 
wall  of  the  right  laryngeal  chamber 
is  formed  by  membrane.  A:  this 
chamber  is  extended  by  the  osseous 
cavity,  g,  A  similar  but  somewhat 
more  complex  lower  larynx  exists  in  the  male  Anas  clangula. 
These  modifications  relate  to  the  i)ower  rather  than  to  the  variety 
of  the  voice. 

VOL.    II.  Q 


Lower  Lurnx.   Merfftu  Mergonter.    ouoxx. 


13^ 


,xr  :?  nuTzna^rL^^ 


CH.lPTi:2  XXL 


r.^t3jkanr  nmn  •>?  «do?w 


jvi 


f  >ti^  2-^  A  r^A,  huni:  aJk^^cs  tfce  :nf?>i  ixfmi  maiaasa.  m  series 
/if  ^^»  yiBt£'jfk  <aMaI  ta>f>!%  i^  Vfk^  €^  «e  ^Sev^Iofei  in  the 
UMVsntk  h^a^adk  tM  rerzAnl  ^ksask,  wmik  jfum  tnnffra^elT  to 
a  IryRt^^tis^^ba!  <aaaly  ii>.  ^^  vkarti  ^:c2TeT>  dbe  ezerecaDa  to  the 
f\ia^SL.  VtttfA^  are  tke  ynmfjriial  ^-x  xsmasBSgxj  kxlaej^.  Betiiiid 
tlMm  fto(ji«^|Ge&tiT  s^ypcar  die  i0ttfjtAarf  or  perateot  kidnevs,  ib. 
a^  t/>|SretlMT  vhh  theg^mud  ghikis  f^.  f . ad  adremk^  3^/1  The 
far^0cr  docu  of  the  Iddners,  or  meters,  ih. 
^f  fiooo  foOov  the  appcanmce  of  the  troe 
renal  tissue,  and  as  thk  proceed  in  its  de- 
relopement,  the  primordial  ghmds  &appear, 
or  jield  op  their  dnct  and  a  remnant  of  their 
ti««ae  to  form  the  epididrmis  and  tbb  deferens 
in  the  male. 

In  the  mature  bird  the  urinarr  system 
Cf^mngts  of  the  kidners,  nreters,  and  a  more 
or  lesft  incomplete  urinarr  receptacle. 

Am  in  Keptiles  the  Iddner  is  distinguished 

fn/ro  that  of  the  Mammal  by  the  homogeneity 

of  its  substance,  which  is  not  divided  into  a 

cortical  and  medullary  part,  and  by  the  tubuli 

uuk^.,  m.m^  uAsm.  ^  nriniferi  extending  to  the  surface  of  the  gland 

umum  »fj*rT*'!i*'  fJ'^'  "^  there  to  form  by  reiterated  unions  the  ureter, 

and  not  terminating  in  a  cavity  or  pelvis  in 

iho  interior  r^f  the  kidney,  from  which  the  ureter  commences. 

The  hidneijif  fig.  85,  x,  are  two  in  number,  of  an  elongated 
form,  c<;mniencing  immediately  below  the  lungs,  and  extending 
along  the  wides  of  the  spine  as  far  as  the  termination  of  the  rectum  ; 
in  whi(;h  course  they  are  impacted  in,  and  as  it  were  moulded  to, 
the  cavities  and  depressions  of  the  pelvis.  From  this  fixed  con- 
dition it  results  tliat  they  are  generally  symmetrical  in  position, 
not  placed  one  higher  than  the  other,  as  in  the  Mammalia.  The 
jKHitorior  surface  of  the  kidney  presents  inequalities  corresponding 
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to  the  risings  and  depressions  of  the  pelvis ;  the  anterior  surface  is 
smoothly  convex  or  flattened ;  but  rising  into  a  series  of  promi- 
nences which  correspond,  not  to  the  eminences,  but  to  the  cavities 
of  the  bones  on  which  they  rest ;  their  inner  or  mesial  side  is 
generally  pretty  regular  and  straight,  but  the  external  edge  is 
more  or  less  notched.  They  are  relatively  larger  than  in  most 
Mammals ;  resembling  in  this  respect  the  kidneys  of  Whales  and 
of  the  cold-blooded  Ovipara,  where  there  is  no  perspiration  from 
the  skin. 

The  kidneys  vary  in  size  in  different  birds,  being,  for  example, 
smaller  in  most  of  the  Grallatores,  as  the  Bustard  and  Heron, 
where  the  pelvis  is  short,  than  in  the  Basorial  Order,  in  which  it 
is  of  great  extent.  Where  they  are  short  they  are  in  general 
more  prominent,  and  this  is  so  remarkable  in  some  Birds,  as  the 
Owls,  that  in  them  they  resemble  somewhat  in  their  superficial 
{)osition  the  kidneys  of  Mammals. 

As  might  be  expected  from  their  relations  to  the  pelvis,  the 
Iddneys  in  Birds  present  as  many  varieties  of  outward  configuration 
as  there  are  differences  in  the  part  of  the  skeleton  to  which  they 
are  moulded.  In  some  Aquatic  Birds,  as  the  Grebe  {Podiceps)  and 
the  Coot  {Fulica)y  the  kidneys  are  more  or  less  blended  together 
at  their  lower  extremities,  as  in  most  Fishes :  in  Colyrnbus  the 
extent  of  the  union  is  greater ;  in  Platalea  they  have  been  observed 
to  be  joined  by  a  middle  band.  In  the  rest  of  the  class  they  are 
distinct  from  one  another. 

The  principal  lobes  are  in  general  three  in  number :  the  anterior 
or  highest  one  is,  in  some  cases,  the  largest;  while  in  others, 
as  the  Pelican,  the  contrary  obtains,  the  lowest  division  being 
most  developed  in  this  bird.  In  the  Tern  each  kidney  is  divided 
by  fissures  into  seven  or  eight  square-shaped  lobes :  in  the  Eagle 
they  each  present  four  di\dsions ;  but  in  tiiese  cases  there  are  not 
distinct  ureters  to  each  lobe  as  in  the  subdivided  kidneys  of 
Mammals.  In  the  Emeu  {Dromaius  ater)  the  kidney  presents  only 
two  lobes ;  the  superior  or  anterior  one  is  the  broadest  and  most 
I)rominent,  being  of  a  rounded  figure,  and  constituting  one-third  of 
the  whole ;  the  lower  division  is  flattened,  and  gradually  tapers  to 
a  point.  In  one  specimen  I  found  the  left  kidney  hdf  an  inch 
longer  than  the  right.  In  the  small  Cantores  the  exposed  super- 
ficies of  the  kidney  is  rarely  lobular. 

Each  kidney  is  invested  by  its  proper  capsule,  a  thin  membrane, 
which  also  extends  into  the  substance  of  the  gland,  between  its 
divisions:  a  layer  of  peritoneum  is  reflected  over  their  anterior 
surfaces. 

Q  2 


228  ANATOMY   OF   VERTEBRATES. 

The  texture  of  the  kidneys  is  much  more  frail  than  in  Mammalia, 
readily  yielding  under  the  pressure  of  the  finger,  to  which  they 
give  a  granular  sensation  as  their  substance  is  torn  asunder. 

In  colour  they  resemble  the  human  spleen.  Besides  being 
divided  into  lobes,  the  surface  of  the  kidneys  may  be  observed  to 
be  composed  of  innumerable  small  lobules,  separated  by  continuous 
gyrations  like  the  convolutions  of  the  cerebral  substance. 

The  tubuli  uriniferi  originate  from  every  part  of  the  internal 
substance  of  the  lobules,  extending  to  the  gyrations,  uniting  in  the 
pinnatifid  form,  and  coursing  to  the  margins  of  the  lobules,  all  the 
inflexions  of  which  they  follow.  The  pinnatifid  ramification  of 
the  uriniferous  tubules  is  sometimes  '  opposite,'  sometimes  *  alter- 
nate,' sometimes  the  branches  are  simple,  sometimes  dichotomously 
divided ;  but  these  ramuli  appear  scarcely  smaller  than  the  branches 
from  which  they  spring,  and  never  interconununicate.*  The 
uriniferous  ducts  from  the  convoluted  lobules  unite  dichotomously, 
and  ultimately  escape  by  a  single  duct — the  ureter. 

The  arteries  and  veins  of  the  kidneys  have  already  been  described. 
Where  the  entire  stream  of  the  venous  blood  is  not  sent  to  the 
lungs,  but  part  is  diverted  to  the  arterial  system,  then  also  a  portion 
of  the  venous  blood  circulates  through  the  kidneys  before  it  reaches 
the  heart ;  but  in  Birds,  where  not  only  the  whole  venous  current 
is  sent  to  the  lungs,  but  with  peculiar  energy  and  frequency,  such 
vicarious  office  of  removing  effete  particles  directly  from  the  venous 
blood  is  not  required.  A  certain  retention  of  the  oviparous  type 
in  the  apparent  entry  of  veins  into  the  lower  ends  of  the  kidneys 
is  shown,  but  areniportal  vein  does  not  exist:  the  connection  of 
the  lower  veins  coming  from  the  kidneys  with  the  iliaco-mesen- 
teric  is  of  such  a  kind  that  the  renal  venous  blood  may  flow  to 
the  portal  system  of  the  liver  when  that  system  and  digestion  are  at 
work ;  or  it  may  flow  by  the  upper  emulgent  veins  to  the  inferior 
cava  and  so  to  the  lungs,  when  respiration  is  unusually  active. 

The  ureter y  figs.  85,  y,  108,  b,  is  continued  down  along  the 
anterior  surface  of  the  kidney  toward  the  mesial  side ;  here  and 
there  imbedded  in  its  substance,  forming  a  series  of  dilatations 
corresponding  to  the  principal  lobes  or  enlargements  of  the  gland, 
and  receiving  the  branches  of  the  tubuli  uriniferi  as  it  passes 
along.  Below  the  kidney  the  ureters  pass  behind  the  rectum, 
becoming  connected  to,  and  after  a  short  distance  involved  in,  its 
coats;  they  ultimately  terminate  upon  valvular  eminences  in  a 
depression  at  the  lower  part  of  the  urinary  sac,  ib.  rf;  the  terminal 
papillsB  of  the  ureters  are  situated  with  the  orifices  of  the  genital 

>  CXXIL  p.  92. 
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Cloaca  of  the  Ostrich.    L* . 


ducts,  in  the  some  segment  of  the  cloaca,  which  is  therefore  termed 
the  urogenital  cavity,  fig.  109,  e. 

The  space  intervening  between  the  urogenital  cavity  and  the 
valvular  termination  of  the  rectum,  ib,  c,  forms  a  cavity  more  or 
less  developed  in  different  Birds, 
but  always  distinct  in  the  smooth- 
ness of  its  lining  membrane  from 
the  rectxmi,  which  has  a  more 
vascular  and  villous  internal  tu- 
nic. The  Birds  in  which  this 
rudimental  urinary  bladder  pre- 
sents the  largest  capacity  are  the 
Owls,  many  of  the  Aquatic  Birds, 
as  the  Pelican,  Willock,  Grebe, 
Swan,  &c. ;  some  of  the  Wading 
Order,  as  the  Bittern  and  Bus- 
tard, but  more  especially  the  Os- 
trich, among  the  Cursores,  in 
which  the  urinary  receptacle  is 
represented  as  laid  open  at  dy  fig. 
109. 

§  161.  Adrenals  of  Birds. — The  adrenals,  d,  rf,  figs.  117, 127,  are 
small  bodies,  usually  of  a  bright  yellow  colour,  situated  on  the 
mesial  or  inner  side  of  the  superior  extremities  of  the  kidneys ; 
closely  attached  to  the  coats  of  the  contiguous  large  veins  and  in 
contact  with  the  testes  in  the  male ;  and  the  left  one  adhering  to 
the  ovary  in  the  female.  They  vary  in  shape,  being  sometimes  of 
a  round,  flattened,  oval,  or  irregularly  triangular  figure.  They  are 
proportionally  smaller  than  in  Mammals,  being  in  the  Goose  each 
about  the  size  of  a  pea.     They  are  sometimes  confluent* 

They  present,  like  the  kidneys,  a  homogeneous  texture  through- 
out, and  do  not  exhibit]  the  alternate  strata  of  different-coloured 
substances  as  in  Mammalia.  In  the  Gigantic  Crane  we  found  the 
texture  of  the  suprarenal  glands  to  be  coarsely  fibrous ;  in  the 
Hombill  they  were  granular,  similar  to  the  kidney ;  in  the  Pelican 
they  were  of  a  granular  but  more  pulpy  texture. 

There  is  no  cavity  in  the  suprarenal  glands.  The  veins  which 
return  the  blood  from  them  are  of  proportionally  large  size,  as  in 
all  the  parenchymatous  bodies  without  excretory  ducts.  The 
suprarenal  glands  have  been  found  to  present  a  slight  enlargement 
corresponding  with  the  increased  developement  of  the  sexual  organs. 
Their  relative  size  and  position  to  the  testes  in  the  male  embryo 
are  shown  at/,  fig.  108. 
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§  162.  Spleen  of  Birds. — The  spleen,  figs.  85,  87,  5,  Sy  is  com- 
paratively of  small  size  in  Birds ;  it  is  generally  of  a  round  or 
oval  figure,  but  sometimes  presents  an  elongated  and  vermiform 
shape,  as  in  the  Sea-Gull,  or  is  broad  and  flat  as  in  the  Cormo- 
rant. It  is  situated  beneath  the  liver,  on  the  right  side  of  the 
proventriculus.  It  is,  however,  somewhat  loosely  connected  to 
the  surrounding  parts,  so  that  its  position  has  been  differently 
described  by  different  authors.  A  process  of  the  pancreas  com- 
monly passes  into  close  contact,  and  is  connected  with  the  spleen 
by  a  continuation  of  vessels,  as  in  the  Hombill,  fig.  87,  y,  s.  The 
texture  of  the  spleen  is  closer  in  Birds  than  in  Manmials ;  but  a 
minute  examination  proves  that  the  blood  of  the  splenic  artery  is 
ultimately  deposited  in  cells,  from  which  the  splenic  veins  arise. 
These  veins  in  the  Swan  and  some  other  Lamellirostres  form  a 
network  on  the  exterior  surface  of  the  spleen,  as  in  the  Chelonian 
Reptiles. 

In  many  Birds,  as  e.g.  Vultures,  Falcons,  the  StarKng,  Magpie^ 
Heron,  Bustard,  and  in  most  Aquatic  Birds,  two  small  bodies  are 
found,  one  on  each  side  of  the  trachea,  very  near  the  lower  larynx 
and  frequently  attached  to  the  jugular  veins.  They  may  be  homo- 
logues  of  the  *  thyroid  gland.'  In  addition  to  these  there  are  two 
similar  bodies,  in  the  Gannet,  attached  to  the  upper  part  of  the 
commencement  of  each  bronchus. 

§  163.  Peculiar  Secretions. — The  unctuous  fluid  with  which  Birds 
lubricate  their  feathers  is  secreted  by  a  gland  situated  above  the 
coccyx  or  uropygium.  This  gland  consists  of  two  lateral  moieties 
conjoined.  As  might  be  expected,  it  is  largest  in  the  birds  which 
frequent  the  water.  In  the  Swan  it  is  an  inch  and  a  half  in  length, 
and  has  a  central  cavity,  which -serves  as  a  receptacle  for  the  accu- 
mulated secretion.  Each  lateral  portion  is  of  a  pyriform  shape, 
and  they  are  conjoined  at  the  apices,  which  are  directed  backward, 
and  are  perforated  by  numerous  orifices,  encircled  in  some  birds 
by  a  crown  of  feathers.  The  longitudinal  central  cavities  present 
numerous  angular  openings,  in  which  there  are  still  smaller  ori- 
fices of  the  secerning  follicles.  These  consist  of  closenset  almost 
parallel  straight  tubules,  extending  to  the  superficies  of  the  gland, 
without  ramifying  or  interconmiunicating,  and  preserving  an 
equable  diameter  to  their  blind  extremities.  The  tubules  are 
longest  at  the  thickest  part  of  the  gland,  and  become  shorter  and 
shorter  towards  the  apex. 

The  follicles  to  which  is  due  the  peculiar  odour  of  certain  birds, 
as  e.  g.  the  Hoopoe,  Muscovy  Duck,  Black  Vulture,  &c.,  are  pro- 
bably somewhat  diffused  on  parts  of  the  integument. 
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§  164.  Composition  of  the  Tegument — This  is  composed^  as  in 
Mammalia  and  Rcptilia,  of  the  corium  or  derm,  the  epiderm  and 
its  appendages,  and  an  intermediate  layer  of  unhardened  epiderm 
with  colouring  matter,  called  *  rete  mucosum.' 

The  corium,  or  true  skin,  is  very  thin  and  lacerable,  but  vascular. 
In  some  Birds  it  adheres  to  the  subcutaneous  muscles  by  cellular 
tissue,  which  is  frequently  the  seat  of  accumulation  of  dense 
yellow  fat.  In  the  Penguin  the  layer  of  subcutaneous  cellular 
tissue  adheres  to  the  corium,  but  is  separated  from  the  muscles, 
and  has  a  smooth  internal  surface:  long  vesseb,  like  threads, 
connect  this  layer  to  the  muscles.  The  skin  is  moved  by  muscles 
which  at  the  same  time  raise  and  ruffle  the  plumage  which  it 
supports.  In  most  Birds  the  skin  is  more  or  less  separated  from  the 
muscles  of  the  trunk  by  the  interposed  air-cells  ;  as  in  the  Batra- 
chians  it  is  by  the  lymph  receptacles.  It  adheres,  however,  to  a 
larger  proportion  of  the  osseous  system  than  in  other  classes ;  as, 
e.  g.,  to  the  upper  and  lower  jaws,  the  feet  and  part  of  the  tibiae, 
the  pinion  bones.  The  corium  has  extensions  beyond  the  covering 
of  the  body,  to  form  the  webs  for  swimming  and  the  broader  folds 
at  the  axillae  and  bend  of  the  arm  for  flight :  it  developes  the 
papillae  beneath  the  toes,  the  vascular  comb  and  wattles  of  the 
Cock,  the  caruncle  and  pendent  ornaments  of  the  Turkey,  &c. 

The  rete  mucosum  rarely  contains  any  colouring  matter  where 
the  feathers  grow  ;  at  this  part  the  skin  is  of  a  pale  greyish  colour, 
or  pink,  from  the  colour  of  the  blood  which  circulates  in  it.  But 
in  the  naked  pai*t8  of  the  integument,  as  the  cire,  the  lore,  the 
comb,  the  wattles,  the  naked  parts  of  the  head  and  neck  in  some 
Birds,  and  the  tarsi  and  toes,  the  rete  mucosum  frequently  glows 
with  the  richest  crimson,  orange,  purple,  green,  black,  and  a  variety 
of  other  tints,  of  which  the  planches  coloriees  and  the  different 
zoological  monographs  of  geographical  groups  and  families  of  Birds 
afford  numerous  examples.^ 

'  Amongst  these  merit  highest  mention  the  works  of  our  coantiyman  Gould  on 
the  Birds  of  Australia,  Enrope,  Asia,  Great  Britain,  &c.;  and  his  magnificent  mono- 
grai^  on  the  Hiimniiiig-Birds,  Trogons,  and  Toucans. 
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The  epiderm  is  in  some  places  continued  as  a  simple  layer  over 
the  corium,  following  its  wrinkles  and  folds,  as  around  the  naked 
necks  of  some  Vultures.  It  is  moulded  upon  the  bony  mandibles 
to  form  the  beak,  and  in  some  Birds  adheres  to  osseous  pro- 
tuberances on  the  cranium,  where  it  forms  a  species  of  horn  ;  and 
it  is  remarkable  that  these  instances  occur  chiefly  in  those  orders  of 
Birds,  the  Cursores  and  Easoresy  which  are  most  analogous  to  the 
Suminantia  among  quadrupeds:  the  Cassowary  and  Helmeted 
Curassow  are  examples.  The  Hombills  are,  however,  instances 
in  the  Volitorial,  and  the  Kamichi  in  the  Grallatorial  Order.  The 
cuticle  is  sometimes  developed  into  spines  or  spurs,  as  upon  the 
wing  of  the  Snake  Vulture,  Cassowary,  Palamedea  ;  and  upon  the 

leg  of  many  Gallinaceous  Birds. 
The  claws  which  sheath  the 
unguial  phalanges  of  the  feet 
assume  various  forms  adapted  to 
the  habits  and  manner  of  life  of 
the  different  orders.  A  remark- 
able artificial  form  is  given  to  the 
claw  of  the  middle  toe  in  certain 
Birds ;  the  inner  edge  being  pro- 
duced and  divided  into  small 
parallel  processes  like  the  close- 
set  teeth  of  a  comb,  fig.  110. 
These  teeth  are  not  reflected  or 

Foot  of  Nlght-iar.  j  ,,  •    i  x    1. 

recurved,  as  they  might  be  ex- 
pected to  be,  if  they  had  been  intended  to  serve  as  holders  of  a 
slippery  prey,  but  are  either  placed  at  right  angles  to  the  claw  or 
are  inclined  towards  its  point.  The  Common  Bam-Owl  (^Strix 
Jlammea)y  the  Night-jar  genus  {Caprimulgus)y  the  Heron  and 
Bittern  kind  (Ardeidce^  ^^gO^  afford  examples  of  this  structure ; 
and  as  each  species  of  bird  appears  to  be  infested  by  its  peculiar 
louse  {Nirmus),  the  solution  of  the  final  intention  of  so  singular  a 
contrivance,  which  is  limited  to  so  few  species,  and  these  of  such 
different  habits,  may  yet  be  afforded  by  the  entomologist. 

With  respect  to  the  scales  which  defend  the  naked  parts  of  the 
legs  of  birds,  they  do  not  differ  from  those  of  Reptiles.  Their 
form  and  disposition,  as  has  been  already  observed,  have  afforded 
distinctive  characters  to  the  zoologist.  In  most  of  the  Eaptores, 
the  PsittacidcBy  the  Basores,  the  Grallatoresy  and  the  Natatores,  the 
scales  are  polygonal,  small,  and  disposed  in  a  reticulate  form ;  the 
birds  so  characterised  formed  the  Retipedes  of  Scopoli.  In  the 
rest  of  the  class  the  tarsi  are  covered  anteriorly  with  unequal 
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semi-annular  scales,  ending  on  each  side  in  a  longitudinal  furrow, 
and  these  birds  he  termed  the  Scutipedes,  In  one  section  of  the 
Tyranniy  Cuv.,  the  scuta  surround  the  tarsi  as  complete  rings. 
Where  the  cameous  parts  of  the  muscles  are  continued  low  down 
upon  the  legs,  as  in  the  Owls,  a  covering  of  feathers  is  co-extended 
to  preserve  their  temperature. 

§  165.  Appendages  of  the  Tegument, — The  Vertebrate  classes 
have  each  their  characteristic  external  covering :  the  cold-blooded 
Ovipara  are  naked,  or  their  external  surface  is  defended  only  by 
hard  scales  or  plates  (squamcB  and  scuta) ;  but  the  warm-blooded 
classes  require  to  be  invested  by  an  integument  better  adapted  to 
maintain  the  high  degree  of  temperature 
peculiar  to  them :  hence  quadrupeds  are 
clothed  with  fur  and  hair,  and  birds  with 
down  and  feathers. 

Feathers  are  the  most  complicated  of 
all  the  modifications  of  the  epidermic 
system,  and  are  quite  peculiar  to  the  class 
of  Birds.  They  are  proverbially  light; 
and,  as  the  eloquent  Paley  well  observes, 

*  every  feather  is  a  mechanical  wonder ; ' 

*  their  disposition,  all  inclined  backward, 
the  down  about  the  stem,  the  overlapping 
of  their  tips,  their  different  configuration 
in  different  parts,  not  to  mention  the 
variety  of  their  colours,  constitute  a  vest^  d\ 
ment  for  the  body  so  beautiful,  and  so 
appropriate  to  the  life  which  the  animal  is 
to  lead,  as  that,  I  think,  we  should  have 
had  no  conception  of  anything  equally 
perfect,  if  we  had  never  seen  it,  or  can 
now  imagine  anything  more  so.'  * 

Notwithstanding  the  varieties  of  size, 
consistence,  and  colour,  all  feathers  are 
composed  of  a  quill  or  barrel^  fig.  1 1 1 ,  a, 
a  shafts  by  b,  and  a  vane  or  beard^  c,  c; 
the  vane  consists  of  barbs ,  fig.  112,  «,  and 
barbuleSy  ff. 

The  quill  {calamus),  by  which  the  fea- 
ther is  attached  to  the  skin,  is  larger  and  shorter  than  the  shaft, 
is  nearly  cylindrical  in  form  and  semi-transparent;  it  possesses 
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in  an  eminent  d^ree  the  opposite  qualities  of  strength  and  light- 
ness. It  terminates  below  in  a  more  or  less  obtose  extremity, 
which  is  pierced  by  an  orifice  termed  the  lower  umbilicus ^  fig.  Ill, 
e\  a  second  orifice,  leading  into  the  interior  of  the  quill,  is 
situated  at  the  opposite  end,  at  the  point  at  which  the  two  lateral 
series  of  barbs  meet  and  unite ;  this  is  termed  the  upper  umbilieus, 
ib./.  The  cavity  of  the  quill  contains  a  series  of  conical  cap- 
sules fitted  one  upon  the  other,  and  united  tc^ther  by  a  central 
pedicle. 

The  shaft  (scapus)  is  more  or  less  quadrilateral,  and  graduaUy 
diminishes  in  size  from  the  upper  umbilicus  to  its  distal  extremity. 
It  is  always  slightly  bent,  and  the  concave  side  is  divided  into  two 
surfaces  by  a  middle  longitudinal  line  continued  from  the  upper  um- 
bilicus; this  is  the  internal 
'12  surface,  6g.  112,  c.    The  op- 

posite, or  external  surfaccy 
ib.  &,  is  smooth,  and  slightly 
rounded ;  both  sides  are 
covered  with  a  homy  mate- 
rial similar  to  that  of  which 
the  quill  is  formed,  and 
they  inclose  a  peculiar  white 
soft  elastic  substance,  called 
the  pith,  ib.  a. 

The  barbs  {rami)  are  at- 
tached to  the  sides  of  the 

DUg^mtie  .action  of  tbe  .haft  and  v«.e.  S^^ft  UCar  the  CXtCmal  SUT- 

face,  and  consist  of  laminas, 
varying  as  to  thickness,  breadth,  and  length.  They  are  arranged 
with  their  fiat  sides  toward  each  other,  and  their  margins  in  the 
direction  of  the  external  and  internal  sides  of  the  feather ;  conse- 
quently they  present  a  considerable  resistance  to  being  bent  out 
of  the  vane's  plane,  although  readily  yielding  to  any  force  acting 
upon  themselves  in  the  line  of  the  stem:  {e,  e,  fig.  112,  are  the 
bases  of  two  barbs  of  a  feather  magnified).  The  barbules  {radii, 
hamuli),  ib.  f,  f,  are  given  off  from  either  side  of  the  thicker 
margin  of  the  barbs,  and  are  sometimes  similarly  barbed  them- 
selves, as  may  be  seen  in  the  barbules  of  the  great  feathers  of  the 
Peacock's  tail.  In  these  feathers  and  in  the  plumes  of  the  Ostrich, 
the  barbules  are  long  and  loose ;  but  more  commonly  they  are 
short  and  close-set,  and  by  their  form  and  disposition  constitute 
the  mechanism  by  which  the  barbs  are  united  together.  The 
barbules  arising  from  the  upper  side  of  the  barb,  or  that  next  the 
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extremity  of  the  feather,  are  curved  downward  or  toward  the 
internal  surface  of  the  shaft ;  those  which  arise  from  the  under  side 
of  the  barb  are  curved  in  the  contrary  direction :  so  that  the  two 
adjoining  series  of  hooked  barbules  lock  into  one  another  in  a 
manner  which  has  been  compared  to  the  fastening  of  a  latch  of  a 
door  into  the  catch  of  the  door-post.  There  is  much  complicated 
variety  in  the  interlocking  mechanism  here  generally  explained. 

Besides  the  parts  which  constitute  the  perfect  feather,  there  is 
an  appendage  attached  to  the  upper  umbilicus,  called  the  accessory 
plume  (Jiyporachis).  It  is  usually  a  small  downy  tuft,  but  varies 
both  in  different  species,  and  even  in  the  feathers  of  different 
parts  of  the  body  of  the  same  bird.  In  the  quill-feathers  of  the 
wings  and  tail,  it  retains  the  state  of  a  small  tuft  of  down ;  but  in 
the  body-feathers  of  Hawks,  Grouse,  Ducks,  Gulls,  &c.,  it  is  to  be 
found  of  all  sizes,  sometimes  equal  to  that  of  the  feather  from  which 
it  is  produced. 

In  the  Ostrich  and  Apteryx  the  feathers  have  no  accessory 
plume ;  in  the  Rhea  it  is  represented  by  a  tuft  of  down ;  in  the 
Emeu  it  rivals  in  size  and  structure  the  original  feather ;  and  in 
the  Cassowary,  besides  the  double  feather,  there  is  a  second  ac- 
cessory plume,  so  that  the  quill  supports  three  distinct  shafts  and 
vanes. 

The  feathers  vary  in  form  in  different  parts  of  the  bird  accord- 
ing to  their  functions,  and  afford  zoological  characters  for  the  dis- 
tinction of  species ;  they  have,  therefore,  received  in  Ornithology 
distinct  names.  The  ordinary  imbricated  feathers  which  cover  the 
body  are  called  *  clothing  feathers :'  the  larger  ones  for  special  uses, 
*  quill-feathers.'  Those  which  surround  or  cover  the  external  open- 
ing of  the  ear  are  termed  the  *  auriculars.'  Those  which  lie  above 
the  scapula  and  humerus  are  called  the  '  scapulars.'  The  small 
feathers  which  lie  in  several  rows  upon  the  bones  of  the  anti- 
brachium  are  called  the  *  lesser  coverts '  {tectrices  primce).  Those 
which  line  the  under  or  inner  side  of  the  wings  are  the  *  under 
coverts.'  The  feathers  which  lie  inunediately  over  the  quill- 
feathers  are  the  *  greater  coverts  '  (^tectrices  secundce).  The  quill- 
feathers  supported  by  the  wings  are  the  *  remiges^^  or  'rowing 
feathers.'  The  largest  of  these  remiges,  which  arise  from  the  bones 
of  the  hand,  are  termed  the  *  primaries '  {primores).  Those  which 
rise  from  the  ulna,  towards  its  distal  end,  are  the  'secondaries' 
(secundarice).  Those  which  are  attached  to  its  proximal  extremity 
are  the  *  tertiaries '  {tertiarice).  These  in  some  Birds,  as  the  Wood- 
cock and  Snipe,  are  so  long  as  to  give  them  the  appearance,  when 
flying,  of  having  four  wings.      The  quill-feathers  which    grow 
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from  the  phalanx  representing  the  index,  form  what  is  termed  the 
bastard  wing  {alula  spuria).  Those  forming  what  is  called  the 
*  tail '  of  the  bird,  and  supported  by  the  coccyx,  are  the  *  rectricesy 
or  steering  quills.  The  overlying  feathers  are  the  ^  tail-coverts ' 
{ccUypteria);  these  bear  the  ornamental  *  eyes'  and  are  so  developed 
in  the  Peacock  as  to  form  what  is  called  the  ^  tail '  or  ^  train '  of 
that  gorgeous  bird. 

In  considering  the  structures  which  determine  the  powers  of 
flight  in  different  Birds,  it  is  necessary  to  take  into  account  the 
texture,  forms,  and  proportions  of  the  wing-feathers,  as  well  as 
the  developement  of  the  bones  and  muscles  which  support  and 
move  them ;  as  much  depends  upon  the  mechanical  advantages 
resulting  from  the  shape  of  the  expanded  wing.  When  the 
primary  quill-feathers  gradually  increase  in  length  as  they  are 
situated  nearer  the  extremity  of  the  pinion,  they  give  rise  to  the 
acuminated  form  of  wing,  as  in  the  Swifts  and  Humming-Birds,  in 
which  the  first  primary  is  the  longest ;  and  in  the  true  Falcons, 
in  which  the  second  primary  is  the  longest.  In  the  Hawks  the 
wing  is  of  a  less  advantageous  form,  in  consequence  of  the  fourth 
primary  being  the  longest.  When  the  primaries  gradually  decrease 
in  length  towards  the  end  of  the  pinion,  they  give  rise  to  a  short 
rounded  form  of  wing,  such  as  characterises  the  Gallinaceous  Order; 
in  which,  although  the  pectoral  muscles  are  immensely  developed 
in  order  to  counteract  the  disadvantage  resulting  from  the  dispo- 
sition of  the  primaries,  yet  they  are  only  able,  in  consequence  of 
the  form  of  the  wing,  to  carry  the  bird  rapidly  forward  for  a  com- 
paratively short  distance,  and  that  with  an  exertion  and  vibratory 
noise  well  known  to  every  sportsman. 

The  texture  of  the  quill-feathers  has  also  a  material  effect  on 
the  powers  of  flight  In  the  Falcons  each  primary  quill-feather  is 
elongated,  narrow,  and  gradually  tapers  to  a  point ;  the  webs  are 
entire,  and  the  barbs  closely  and  firmly  connected  together.*  In 
the  Owls  the  plumage  is  loose  and  soft,  filaments  from  the  barbules 
extend  upon  the  outer  surface  of  the  vane,  and  one  edge  of  the 
primaries  is  serrated ;  so  that,  while  they  are  debarred  from 
so  swift  a  flight  as  the  Hawk,  they  are  enabled,  by  the  same 
mechanism,  to  wing  their  way  without  noise,  and  steal  imheard 
upon  their  prey. 

§  166.  Developement  of  Feathers. — The  first  covering  of  the  bird 

'  Of  so  much  consequence  are  the  quill-feathers  to  the  Falcons,  that  when  any  of 
them  are  broken  the  flight  is  injured  and  the  falconers  find  it  necessary  to  repair 
them  ;  for  this  purpose  they  are  always  provided  with  perfect  pinion  and  tail  fea- 
thers regularly  numbered. 
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is  a  partial  and  temporary  one^  consisting  of  fasciculi  of  long  fila- 
ments of  down,  which  on  their  first  appearance  are  enveloped  in 
a  thin  sheath,  but  this  soon  crumbles  away  after  being  exposed  to 
the  atmosphere.  The  down-fasciculi,  which  diverge  each  from  a 
small  quill,  are  succeeded  by  the  feathers,  which  they  guide  as  it 
were  through  the  skin ;  and  after  the  first  plumage,  at  each  suc- 
ceeding moult,  the  old  feathers  serve  as  the  ^gubernacula'  to  those 
which  are  to  follow.  It  is  to  be  observed  that  feathers  do  not  grow 
equally  from  every  part  of  a  surface  of  a  bird ;  they  are  not 
developed,  for  example,  at  those  parts  which  are  subject  to  friction 
from  the  movements  of  the  wings  and  legs.  They  first  appear  in 
clumps  upon  the  parts  of  the  skin  which  are  least  affected  thereby, 
as,  e.  g.,  upon  the  head,  along  the  spine,  upon  the  exterior  surface 
of  the  extremities,  at  the  sides  of  the  projecting  sternum  and  of 
the  abdomen. 

113 


Tonng  Blackbirds,  showing  primsry  down  and  growing  fcather-clumpa.    xx. 

In  fig.  113,  Hunter^   designates  them  as  follows:  «,  *  cranial 
clump'  (jptcryla   capitis y    Nitzsch);    i,   *  posterior  cervical'  and 

*  dorsal  clumps .'  {pt.  spinalis^  N. ) ;  {/,  *  lumbar  clumps '  {ptfemorales 
seu  lumbales,  N.);  e,  *  brachial  clumps'  {pt  humeraleSy  N.);  /, 

*  antibrachial,'    and    (7,  *  carpal   clumps'    {pt,    alarum^   N.);    y, 

*  femoral  clumps '  (pt  cruralesy  N.)  ;  n,  the  *  anterior  cervical,'  and 
o,  *  pectoral  clumps '  {pt  colli  laterales^  N.) ;  /?,  *  abdominal  clumps ' 
(j)t,  ffastrcei,  N.),  &c.  Nitzsch^  illustrates  the  affinities  of  Birds 
by  the  characters  of  the  *  pterylae,'  exhaustively  followed  out  in 

LIV. 

The  matrix,  or  organ  by  which  the  perfect  feather  is  produced, 
has  the  form  of  an  elongated  cylindrical  cone,  and  consists  of  a 

*  XX.  vol.  iii.  p.  311.  .  *  Liv. 
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disappears  from  the  summit  of  the  medulla,  and  only  the  mem- 
branous funnel-shaped  <5aps  remain,  which  are  protruded  from  the 
theca  and  the  centre  of  the  new-formed  barbs,  and  fall  off  as  these 
expand.  The  theca  which  incloses  the  whole  is  of  a  firm  texture 
where  the  new-moulded  barbs  are  yet  pulpy  and  tender,  but  it 
becomes  thinner  as  these  acquire  consistency,  and,  lastly,  dries  and 
crumbles  away  after  it  has  been  exposed  to  the  action  of  the  atmo- 
sphere. The  bulb  itself,  when  examined  in  a  half-formed  quill- 
feather,  is  composed  of  two  parts,  corresponding  to  the  external  and 
internal  aspects  of  the  feather.  The  internal  part  represents  a  semi- 
cylinder  or  case,  inclosing  the  external  part,  which  is  of  a  conical 
form ;  the  latter  extends  from  the  base  of  the  bulb,  and  gradually 
diminishes  to  a  point  where  the  shaft  is  completed  and  the  barbs 
begin  to  expand.  Its  office  is  to  deposit  the  pith  within  the  shaft, 
and  it  is  absorbed  in  proportion  as  this  is  effected.  The  internal 
part  or  case  also  commences  at  the  base  of  the  bulb,  and  adheres 
closely  to  the  cone,  with  which,  indeed,  its  substance  is  continuous ; 
it  increases  in  thickness  as  the  cone  diminishes,  its  margins  are 
beautifully  scolloped  or  crenate,  and  the  crenations  are  lodged  in 
the  interspaces  of  the  oblique  lamina)  or  moulds,  and  deposit  in 
them  the  material  of  the  vane.  The  horny  sides  of  the  shaft  are 
lodged  and  formed  in  the  grooves  between  the  external  and 
internal  parts  of  the  bulb,  and  correspond  in  degree  of  formation 
to  the  depths  of  those  grooves ;  and  being  progressively  brought 
into  contact  from  above  downwards,  the  shaft  is  thus  completed, 
leaving  the  longitudinal  line  at  the  internal  side.  When  all  the 
grooves  (wherein  are  formed  the  barbs,  and  the  portion  of  the 
shaft  which  carries  them)  are  filled  by  the  homy  matter,  and  the 
barbed  part  of  the  feather  is  finished,  this  homy  matter  lastly 
expands  uniformly  around  the  medulla,  and  forms  the  quill  of  the 
feather. 

When  the  quill  of  the  feather  has  acquired  the  due  consistence, 
the  internal  medulla  becomes  dried  up,  and  is  resolved,  as  before, 
into  membranous  cones  arranged  one  upon  the  other ;  but  these 
latter  never  pass  out,  for  the  quill,  which  is  now  hardened 
and  closed  by  the  shaft  at  the  extremity  opposite  to  the  lower 
umbilicus,  will  not  permit  their  egress ;  they  remain,  therefore, 
inclosed,  and  constitute  the  light  dry  pith  which  is  found  in  the 
interior  of  the  quill.  The  last  remains  of  the  bulb  are  seen  in  the 
ligament  which  passes  from  the  pith  through  the  lower  opening  of 
the  quill  and  attaches  it  to  the  skin. 

There  is  a  close  analogy  between  the  formation  of  a  feather 
and  that  of  a  tooth ;  but  a  tooth  may  take  years  to  be  perfected. 
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and  there  are  but  two  series  produced  in  one  part  of  the  jaw,  and 
only  one  in  the  other,  in  any  warm-blooded  animal.  Feathers,  on 
the  other  hand,  are  developed  in  the  course  of  some  days ;  they 
attain  a  length  of  from  one  to  two  feet  or  more  in  many  Birds, 
and  they  are  almost  all  renewed  every  year, — in  some  si^ecies 
even  twice  a  year.  It  may  be  conceived,  then,  how  much  vital 
energy  the  organisation  of  Birds  must  exercise,  and  how  many 
dangers  must  accompany  so  critical  a  period  as  that  of  the 
moult. 

The  plumage  is  commonly  changed  several  times  before  it 
attains  that  state  which  is  regarded  as  characteristic  of  the  adult 
bird.  The  time  required  for  this  varies  from  one  to  five  years, 
and  several  birds  rear  a  progeny  before  they  acquire  the  plumage 
of  maturity. 

When  the  male  bird  assumes  a  vestment  differing  in  colour 
from  the  female,  the  young  birds  of  both  sexes  resemble  the 
latter  in  their  first  plumage  (Blackbird) ;  but  when  the  adult 
male  and  female  are  of  the  same  colour,  the  young  have  then  a 
plumage  peculiar  to  themselves  (Swan).  When  adult  birds  as- 
sume a  plumage  during  the  breeding  season  decidedly  different  in 
colour  from  that  which  they  bear  in  winter,  the  young  birds  have 
a  plumage  intermediate  in  the  general  tone  of  its  colour  comi)ared 
with  the  two  j)eriodical  states  of  the  parent  birds,  and  bearing  also 
indications  of  the  colours  to  be  afterwards  attained  at  cither 
period  (Ruff).  When  both  males  and  females  are  alike  in  colour, 
but  species  of  the  genus  differ  widely  in  colour,  as  e.  g.  the  Black 
and  White  Swans,  the  young  of  such  species  are  alike  and  of  an 
intennediate  hue. 

Changes  in  the  appearance  of  the  plumage  of  birds  may  be 
produced : — 

By  the  feather  itself  becoming  altered  in  colour  ; 

By  the  bird's  obtaining  a  certain  number  of  new  feathers 
without  shedding  any  of  the  old  ones ; 

By  the  wearing  off  of  the  lengthened  lighter-coloured  tij)8  of 
the  barbs  of  the  feathers  on  the  body,  by  which  the  brighter  tints 
of  the  plumage  underneath  are  exposed  ; 

By  an  entire  or  partial  moulting,  at  which  old  feathers  are 
thrown  off  and  new  ones  produced  in  their  places. 

The  first  three  of  these  changes  are  observed  in  adult  birds  at 
the  approach  of  the  breeding  season ;  the  fourth  change  is  partial 
in  spring  and  entire  in  autumn. 
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CHAPTER  XXIII. 

GENERATIVE   SYSTEM  OP   BIRDS. 

§  167.  Male  Organs  and  Semination. —  The  few  varieties  of 
structure  which  the  generative  organs  present  in  the  Class  of 
Birds,  are  principally  met  with  in  those  of  the  male. 

The  organs  in  this  sex  exhibit  all  the  essential  characteristics 
of  the  oviparous  type  of  structure.  The  testes  are  situated  high 
up  in  the  abdomen,  whence  they  never  descend  into  an  external 
scrotum.  The  intromittent  organ  is  either  double,  as  in  Serpents, 
when^  however,  each  penis  is  extremely  small ;  or  it  is  single,  but 
in  this  case,  to  whatever  extent  it  may  be  developed,  it  is  simply 
grooved  along  the  upper  surface  or  dorsum  for  the  passage  of  the 
fecundating  fluid.  As  there  is  no  true  urethral  canal,  so  neither 
are  the  glands  of  Cowper  or  the  prostatic  glands  present. 

The  testes^  figs.  89,  or,  117,  a,  a,  are  two  in  number ;  in  form  more 
or  less  oval,  situated  near  the  upper  extremities  of  the  kidneys. 
They  vary  remarkably  in  colour  in  different  birds ;  I  have  seen 
them  white  in  the  Peregrine  Falcon  and  Dove ;  pale  yellow  in  the 
Horn-Owl  and  Gallinule ;  of  a  brighter  yellow  in  the  Magpie, 
Bay  Ibis,  Ruff,  and  Oyster-catcher;  of  a  black  colour  in  the 
Chough,  Partridge,  Heron,  Seagull,  but  whitish  toward  the 
lower  end  in  the  last  two.  They  are  invested  with  a  strong  and 
dense  'albuginean'  tunic,  and  are  fastened  or  suspended  by  a  fold  of 
peritoneum.  The  contorted  seminiferous  tubules  are  very  slender, 
and  are  separated  into  packets  by  delicate  and  membranous  septa, 
continued  from  the  inner  surface  of  the  tunica  albuginea.  The 
arteries  spread  in  an  arborescent  form  beneath  that  capsule.  The 
vas  deferens,  fig.  117,  c,  c,  is  continued  from  the  posterior  or 
'  dorsal '  and  internal  or  *  mesial '  part  of  the  gland. 

The  periodical  variations  of  size  which  the  testicles  undergo  are 
very  remarkable  in  the  Class  of  Birds;  and  the  limited  period 
during  which  their  function  is  in  activity  is  compensated  by  the 
frequency  and  energy  with  which  it  is  exercised. 

The  proportional  size  which  the  testes  acquire  at  the  breeding 
season  is  immense,  as  may  be  seen  in  the  subjoined  figures  of  the 


MALE  ORGANS   OF  BIRDS. 


S43 


testes  of  the  House-Sparrow,  which  commences  with  the  glands 
as  they  appear  in  January,  when  they  are  no  bigger  than  pins' 
heads,  and  ends  with  their  full  developement  in  April. 

It  rarely  happens  that  both  testes  are  developed  in  exactly  the 
same  degree:  the  left  is  commonly  the  largest;  but  sometimes 
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1.  Jannarjr. 

2.  Middle  of  Febraarj. 

3.  Beginning  of  March. 

4.  Latter  end  of  March. 


Urinary  and  male  organs  of  a  Cock. 


A.  Middle  of  April 


Testei  of  the  HonBO^IMUTow.  xoir. 


the  right  exceeds  the  left;  and  I  have  seen  an  example,  in  a 
Rook,  where  it  alone  had  taken  on  the  action  of  sexual  increase, 
and  had  acquired  a  bulk  compensating  for  the  want  of  develope- 
ment in  the  left  testis. 

In  most  Birds,  the  only  appearance  of  an  epididymis,  fig.  117,  J, 
is  a  remnant  of  the  primordial  kidney,  fig.  108,  c.  This  part  fre- 
quently presents  a  colour  strikingly  different  from  that  of  the 
testes :  thus  it  has  been  observed  in  the  Bustard  and  Curassow  to 
be  black ;  in  the  Cassowary,  yellow ;  and  in  the  Demoiselle  {Au" 
thropoides  Virgo)  to  be  of  a  green  colour.  In  the  Ostrich  the 
epididymis  is  folded  upon  itself  at  the  side  of  the  testis. 

The  vas  deferens,  fig.  1 17,  c,  commonly  passes  down  to  the  cloaca 
by  the  side  of  the  ureters  without  undergoing  any  remarkable  con- 
volution ;  but  in  the  Common  Cock  it  is  bent  upon  itself  in  short 
transverse  folds  from  side  to  side  almost  from  its  commencement ; 
the  folds  gradually  but  slightly  increase  as  they  approach  the 
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Penlf  of  a  Drake,  xxvix. 


tous  itructure,  b,  b. 
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tirjA.    latke  Sfiiiwi 
<fflat«iif  at  ife  end  of 

tbe  C  iMiia  Codu on  a  papiDa, 
atoated  ia  tke  luugenilal  Ari- 
^m  of  tke  cloaca  aaiterior  to 
tiie  insertioii  of  tkc  meter. 

The  base  of  each  ^tEpSbk  is 
mrrcNiiided  bj  a  remarUUe 
pJexus  of  srteries  and  rebis, 
M ,  M.  fig.  ^,  wfaidb  serre  as  an 
erectile  oi^gan  dming  tlie  vene- 
real orgaan^wlien  tfaefinsa  erf*  the 
turgid  p^itDa  is  ererted,  and  the 
semen  broogfat  into  contact  with 
the  similarlj  ererted  CMifice  of 
the  ovidoct  in  the  female,  along 
which  the  spermatozoa  pass  bj 
undulatory  moyements  of  their 
ciliary  appendage  or  '  taiL' 

In  some  Natatores  which  co- 
pulate in  water  there  is  pro- 
\^on  for  a  more  efficient  coitus 
than  by  simple  contact  of  evert- 
ed cloacae,  and  in  the  Anatida 
a  long  single  penis  is  developed, 
fig.  119.  It  is  essentially  a 
saccular  production  of  a  highly 
vascular  part  of  the  lining  mem- 
brane of  the  cloaca,  continued 
from  the  fore-part  of  that  cavity, 
ib.  a,  a ;  and  in  the  passive  state 
is  coiled  up  like  a  screw  by  the 
elasticity  of  associated  ligamei^ 
The  vascular  membrane  gives  off  many  amal) 
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pointed  processes,  which,  in  the  Gander,  are  arranged  in  transverse 
rows  on  either  side  the  urethral  groove,  d,  and  near  the  extre- 
mity of  the  penis  are  inclined  backward.  The  elastic  band,  &,  &,  has 
been  cut  open  lengthwise  in  the  figure  given  by  Home  :*  it  is 
surrounded  by  cavernous  tissue,  and  terminates  in  the  blind  end 
of  the  sac  which  can  be  everted.  A  groove,  ib.  d,  d,  commencing 
widely  at  the  base,  follows  the  spiral  turns  of  the  sac  to  its  termi- 
nation :  the  sperm-ducts  open  upon  papillse  at  the  base  of  this 
groove.  This  form  of  penis  has  a  muscle  by  which  it  can  be 
everted,  protruded,  and  raised. 

The  base  of  the  penis  in  the  Ostrich  is  attached  to  the  fore  wall 
of  the  cloaca,  the  conical  body  is  bent  in  a  recess,  out  of  which  it 
can  be  drawn  and  into  which  it  can  be  returned  by  muscles.  It 
consists  of  two  solid  fibrous  bodies,  the  fissure  between  which  is 
covered  by  cavernous  erectile  tissue,  bounding  the  seminal  groove ; 
but  it  has  no  evertible  sacciform  part :  there  is  a  third  elastic  sub- 
stance internal  to  the  cavernous  substance  which  produces  the 
twisted  form. 

The  Drake's  penis  is  formed  after  the  type  of  that  of  Lizards 
and  Serpents.  The  Ostrich's  penis  is  like  that  of  the  Tortoise 
and  Crocodile.* 
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Spermatozoa  of  the  Cock  {0aUu9 
dometticut).   ccxjvi. 


8penn-<f  II  with  spermaton. 
Sparrow.  Ib. 


Sperm-cell  with  ■permatoxoa, 
Oock.  Ib. 


The  spermatozoa  of  Birds,  like  those  of  Lizards,  have 
cylindrical  body;  generally  straight  or  wavy, 
obtuse  anteriorly,  and  tapering  behind  into  a  fila^ 
mentary  tail  of  varying  length  according  to  the 
species,  fig.  120;  but  in  the  Cantor es  the  body 
is  twisted  spirally  in  three  to  five  or  more  turns, 
pointed  anteriorly  and  terminating  in  a  usually 
long  filamentary  tail,  fig.  123.  The  sperm-cell 
contains  many  spermatoa,  fig.  121,  and  in  these  the 
spermatozoa  are  developed  and  usually  excluded 


xxnx-.  and  FbiL  Train.  1802. 
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within  the  common  sperm-cell,  fig.  122:  here  they  are  agglutinated 

together,  either  in  irregular 


124 


groups;  or,a8  in  the  Cantares^ 
in  a  regular  bundle^  with  the 
spiral  bodies  at  one  end  and 
the  tails  extending,  parallel, 
totheother,fig.l23.  In  both 
cases  the  spermatozoa  are  set 
free  by  rupture  and  solutkm 
of  the  sperm-<5ell:  in  the  Cam- 
tores  they  are  then  found  fi»- 
ciculate  in  the  '  tubuli  testis,' 
whilst  in  other  birds  they  are 
irregularly  dispersed. 

§  168.  Female  OrgaMsaai 
Ovulation   of  Birds.  —  The 
ovarium  of  the  Bird  consists 
essentially  of  the  germ-cells, 
with  the  stroma  or  blastema 
modified  by  their  jtreeence, 
and  the  vitelline  matter  su- 
peradded to  the  germ-cdL 
The  formative  proceasea  are 
most  clearly  traceable  in  the 
smaller  singing-birds.  In  fig. 
124,  A,  the  small  clusters  of 
granules  indicate  the  begin- 
ning   of    the    ova    in    the 
ovarian   stroma:     in   larger 
clusters  a    clear  point  ap- 
pears, which  in  the  largest 
assumes  the  character  of  a 
germ>cell    surrounded   with 
opaque  minute  granules.  Tk 
almost  contemporaneous  for- 
mation    of     the     *  ovisac* 
(Barry)  soon  manifests  itadf 
by   its   lining   of  epithdiil 
cells,  ib.  B,  at  which  period 
the  germ-cell  manifests,  by 
its     macula,    the    ordinsij 
characters  of  the  '  gei 
vesicle.*   This  is  shown,  in  focus,  at  0 ;  the  epithelium  of  the  ( 


BarllMt  ■tagct  of  the  formation  of  the  ovmrUn  eyg  In 
the  Bird,   ccoviii. 


FEMALE   ORGANS   OF  BIRDS.  247 

is  shown  in  focus  at  D :  in  E,  ov  is  the  ovisac  with  ite  epithelial 
lining,  v  the  granular  yolk  surrounding,  ^  the  germinal  vesicle 
or  developed  *  germ-cell.'  f  is  part  of  an  ovule  of  -jL  of  an  inch 
in  diameter,  highly  magnified:  w,  minutely  granular  or  primitive 
yolk-substance;  y,  germinal  vesicle ;  z,  *  thick  consolidated  mem- 
branous layer  which  formed  a  vesicular  covering  for  the  primitive 
ovule,  and  which  corresponds  to  the  zona  pellucida  of  the  mam- 
miferous  ovmn.' ' 

In  G  and  H,  Prof.  Allen  Thomson  gives  diagrammatic  figures 
of  the  earliest  stages  of  formation  of  the  ovarian  ovum  in  a  Black- 
bird :  figs.  I  and  K  ^  are  intended  to  illustrate,  diagrammatically, 
the  view,  that  after  the  disappearance  of  the  zona,  and  the  for- 
mation of  the  larger  granular  yolk-cells,  the  outer  layer  of  the 
cells  of  this  substance  forms  the  permanent  vitelline  membrane  of 
the  bird's  egg ;  rrf,  *  remains  of  minutely  granular  yolk,  forming 
the  vitelline  disc  round  the  germinal  vesicle ;  sff,  large  corpuscles 
of  the  yolk ;  rwi,  outer  layer  of  the  cells  of  the  same,  on  which 
the  vitelline  membrane  is  afterwards  formed.'  * 

The  germinal  vesicle,  with  the  firmer  primitive  vitelline  granules 
(*  germ-yolk,'  K,  vd)y  moves  from  the  centre  to  the  periphery  of 
the  ovum,  which  then  begins  to  expand  by  the  addition  of  the 
softer  *  food-yolk,'  ib.  sff :  this  seems  to  be  due  to  cells  thrown  off 
by,  and  to  fluid  exuding  from,  the  inner  surface  of  the  ovisac,  ov, 
the  cells  greatly  and  rapidly  increasing  in  number  and  acquiring 
the  characteristic  yellow  or  orange  colour  of  the  yolk  in  birds. 

At  the  earlier  stages  of  the  developement  of  the  ova  the  ovarium 
appears  as  a  flattened  solid,  granular  body,  attached  by  a  fold  of 
peritoneum,  or  of  air-cell,  to  the  bodies  of  the  middle  dorsal 
vertebrae,  fig.  125,  a. 

At  first,  the  right  and  left  ovaria  are  similar  in  size,  fig.  127,  c : 
but  the  symmetry  is  soon  disturbed  by  concentration  of  de- 
velopement in  the  left  ovarium  (fig.  125,  a),  the  right  one,  a', 
remaining  stationary  and  ultimately,  in  most  birds,  disappearing. 

The  enlargement  of  the  ovarian  ovum  is  now  due  to  the  accu- 
mulation  of  the  yellow  or  *  food '  yolk,  with  concomitant  distension 
of  the  membrana  vitelli  and  of  the  ovarian  capsule,  or  *  calyx,' 
fig.  126,  a,  df  which  maintains  its  connection  with  the  rest  of  the 
ovarium  by  a  contracted  base  or  pedicle. 

The  calyx  consists  of  two  membranes,  united  together  by  lax 
tissue  and  blood-vessels :  these  ramify  as  in  fig.  126,  c,  converging 
toward  a  white  transverse  line  or  band  across  the  most  prominent 

'  OCGTUl*.  p.  76.  •  lb. 
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part  of  the  calyx,  where  the  vessels  become  suddenly  so  minute, 
as  to  seem  to  be  wanting:  fig.  128,  c.  This  part,  called  the 
*  stigma,'  begins  to  appear  when  the  ova  have  attained^  in  the 
Common  Fowl,  the  diameter  of  an  inch :  it  increases  in  breadth,  and 
the  membranes   there  become  thinned,  as  the  ovum  acquires  its 


Female  organs,  Fowl,  at  non-breeding  season. 


Relation  of  the  ova  to  tbe  ovary  In  Birds,  ooovui. 


full  size ;  when  they  readily  yield  and  are  rent  by  the  compressing 
force  of  the  infundibular  opening  of  the  oviduct,  fig.  128,  e,  where- 
upon the  ovum  slips  out  of  the  calyx  into  the  efferent  passage. 

The  empty  calyx  collapses,  as  at  h,  b,  fig.  126,  and  d,  fig.  128, 
rapidly  shrinks,  and  is  ultimately  absorbed. 

In  birds  that  have  few  young  at  a  brood,  as  the  Apteryx,^ 
*  XI.  vol  iii.  p.  310,  pL  36. 
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Eagle,  Dove,  &c.,  the  number  of  enlarged  ovarian  ova  or  *  yolks ' 
is  correspondingly  small ;  but  in  the  more  prolific  species,  as  the 
Common  Fowl,  fig.  126,  a,  they  are  more  numerous.  The  number 
of  young  produced  may  be,  by  this  means,  in  some  degree  in- 
ferred, if  the  female  of  a  rare  species  happen  to  be  killed  during 
the  breeding  season. 

In  the  diagrammatic  section  of  a  full-sized  ovarian  ovum,  B,  fig. 
126,  0  is  the  outstretched  ovarian  capsule  and  stroma  forming  tho 
*  calyx,'  p  its  peduncular  connection  with  the  rest  of  the  ovarium ; 
c  is  the  common  position  of  the  germ-cell  and  discoid  germ-yolk ; 
ov,  the  two  layers  of  the  ovisac  into  which  the  blood-vessels 
penetrate;  rm,  the  vitelline  membrane.  This  membrane  is 
sufficiently  strong  and  ductile  to  permit  the  ovarian  ovum  being 
compressed  into  an  elliptical  form  to 
facilitate  its  passage  through  the  con- 
tracted part  of  the  oviduct.  Certain 
changes  now  occur  in  the  ovarian 
ovum,  and  much  addition  is  made  to 
it;  but,  before  entering  upon  these, 
the  canal  through  which  it  passes  and 
in  wliich  the  egg  is  completed  must  be 
described. 

In  the  female  embryo  the  basis  or 
stroma  of  the  ovarium,  fig.  127,  c,  ap- 
pears in  a  similar  relation  to  the  pri- 
mordial kidneys  (ib.  i),  as  the  testis 
in  the  male.  At  the  period  when  the 
permanent  kidneys,  ib.  a,  have  sent 
the  ureters,  ib.  e,  to  the  cloaca,  the 
oviducts,  //,  have  been  developed  as 
prolongations  from  that  part,  and,  to  a 
certain  point  of  developement,  they  are 
of  equal  size  and  length.  Subse- 
quently the  left  oviduct  alone  proceeds  to  grow ;  the  right  is 
stationary,  or  shrivels  :  occasionally  it  may  be  discerned  as  a 
rudiment  in  the  mature  bird,  but  usually  all  trace  of  it  has  db- 
appeared.  The  left  oviduct  expands  above  or  at  its  free  end  into 
the  infundibular  orifice,  fig.  125,  ^,  where  its  parietes  are  very  thin ; 
as  it  descends,  these  increase  in  thickness,  and  the  efferent  tube 
gradually  acquires  the  texture  and  form  of  an  intestine.  Like 
this,  it  is  attached  to  and  supported  by  a  duplicature  of  peritoneum 
called  the  mesometrium^  but  which  also  includes  muscular  fibres, 
to  be  presently  described. 


Kldneyi,  Wolfflan  bodlof,  orarles,  and 
ovidactf  of  A  foDtal  bird,  at  a  iicrlod 
when  both  orldneU  are  atlU  of  nearl/ 
equal  aixe.  Magnified,  lxxit. 
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yolk'  over  the  *  germ-yolk.'  In  fig.  129,  B  is  an  enlarged  view 
of  the  cicatricula  as  seen  from  above  on  the  surface  of  the  yolk 
in  an  impregnated  egg  :  the  dark  central  space  is  the  *  transi>arent 
area '  surrounded  by  the  ^  opaque  area,'  and  by  one  or  two  de- 
licate '  halones.'  C  is  the  cicatricula  of  an  unfecundated  laid 
eg"" :  instead  of  the  central  transparent  area  a  number  of  rather 
irregular  transparent  spots  are  seen. 

The  yolk  forms  an  ellipsoid  mass,  somewhat  flattened  on  the 
cicatricular  surface,  and  consists  of  the  external  coloured  part, 
fig.  130,  B,  d,  in  concentric  layers  indicative  of  successive  deposit, 
and  of  a  central  lighter-coloured  part,  ib.  c,  about  one-fourth  of 


Fowl's  egg  and  structure  of  the  yolk  as  exhibited  by  a  section,    occviii. 

the  diameter  of  the  whole.  The  margins  of  yolk-layers,  inter- 
rupted by  the  *  cicatricula'  and  its  canal,  may  form  the  *  halones.' 
The  yolk-layers,  dj  d,  usually  show  some  diversity  of  tint. 

The  ripe  ovarian  ovum,  having  passed  into  the  oviduct,  is 
propelled  by  the  peristaltic  action  of  that  tube  in  a  rotatory  course 
to  the  ^  uterus.'  The  contact  of  the  membrana  vitelli  stimulates 
the  exudation  of  the  product  of  the  lining  membrane  in  a  denser 
state  than  usual,  which  forms  a  kind  of  accessory  tunic,  and 
is  continued,  thread-like,  from  near  each  pole  of  the  ellipsoid, 
usually  a  little  toward  that  half  which  is  opposite  the  one  sup- 
porting the  cicatricula:  these  filaments,  fig.  130,  A,  c,  are  the 
*  chalazas,'  and  the  layer  of  dense  albumen  from  which  they 
are  continued  is  called  the  *  membrana  chalazifera.'  During 
the  passage  of  the  egg  and  its  acquisition  of  successive  deposits 
of  the  ordinary  albuminous  secretion,  the  chalaza;  become  twisted 
in  opposite  directions,  fig.  131,  b,  and  ultimately  the  one  next 
the  small  end  of  the  egg  contracts  some  adhesion  to  the  membrane 
lining  the  shell  there.     In  fig.  131,  A  shows  the  oviun  from  the 
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upper  part  of  the  oviduct,  with  the  coating  of  dense  albumen 
continued  into  the  chalazse;  b,  the  outstretched  chalazse  from 
opposite  sides  of  the  yolk,  showing  the  opposite  turns  of  the 
spiral;  C,  an  egg  from  above  the  middle  of  the  oviduct,  with  the 
first  layers  of  soft  albumen  deposited  upon  the  chalaziferous 
membrane  and  chalazaB. 

The  albumen  is  rapidly  added  in  the  more  glandular  and  vas- 
cular part  of  the  oviduct,  by 
the  ridges  of  follicles  which 
correspond  in  direction  with 
the  spiral  course  of  the  egg ; 
and,  when  it  has  arrived  at 
the  narrower  part  of  the 
oviduct  called  the  isthmus, 
denser  layers  of  albumen  are 
again  excreted,  forming  the 
^  membrana  putaminis,'  fig. 
130,  A,  d.  So  inclosed,  and 
having  acquired  its  ovate 
form  with  the  small  end  to- 
ward the  cloaca,  the  egg 
passes  into  the  *  uterine '  or 
shell-forming  dilatation,  fig. 
128,  k. 

Artificial  coagulation  of 
the  albumen  or  *  white '  of 
an  egg  enables  one  to  de- 
monstrate its  disposition  in 
spirally  deposited  layers. 
It  is  at  the  latter  stage  of 
the  egg's  formation  that  the 
spiral  structure  of  the  cha- 
lazae  becomes  apparent.  The 
time  of  the  passage  of  the 
egg  from  the  infundibulum 
to  the  uterus,  in  the  Com- 
mon Fowl,  is  from  four  to 
six  hours.  Here  it  may  remain  from  twelve  to  twenty  hours.  On 
entering  the  ^  uterus,'  a  thickish  white  fluid  exudes  from  the  inner 
surface  of  the  cavity  and  condenses  on  the  ^  membrana  putaminis,' 
forming  thereon  a  cellular  matrix  in  which  soon  appear  particles 
of  calcareous  matter,  which  from  the  shape  they  assume  in  the 
interstices  of  the  matrix  appear  to  be  crystalline. 


Btages  of  cgrg  In  OTlduct.   cxxifviii. 
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Allen  Thomson  has  given  the  annexed  illnstTationy  fig.  132,  of 
the  structure  of  the  lining  membrane  of  the  shell  and  of  tbe 
proper  shell-membrane,  a  shows  the  *  lining  membrane  of  tbe 
shell ;  a,  thick  matter  or  felty  portion ;  b,  thin  shred  of  the  ton 
margin,  showing  the  peculiar  fibrous  tissue  of  which  the  varioiis 
lay^  are  composed ;  b,  outermost  layer  of  the  same,  which  ■ 
incorporated  with  the  shell ;  some  of  the  angular  corpuscles  of 

the  shell  lying  npon  the  fi- 
brous subetance  and  firmly 
united  with  it.  o,  null 
portion  of  the  calcareoui 
shell,  which  has  been  steep- 
ed in  dilate  hydrochlorie 
add,  showing  the  remabi 
of  opaque  calcareous  wcHh 
stance  in  the  centre :  here 
and  there  clear  oval  ceUi 
seen,  as  at  a,  a/ ' 

The  colour  of  the 
shell  depends  on 
matter  secreted  by  partieii- 
lar  follicles  of  the  villoaf 
membrane  of  the  '  utenu;* 
and  either  incorpormted  as- 
formly  with  the  outennoit 
layer  of  the  shell,  as  in  dM 
Thrush:  or  deposited  is 
cells  more  or  less  dispened 
or  aggregated  in  patdiet. 
The  shell  consists  in  grett 
part  of  carbonate  of  limey 
with  a  little  carbonate  of 
magnesia  and  phosphate  of 
lime  and  magnesia. 

The  appearance  to  the 
unaided  eye  of  pores  oa 
the  surface  of  the  shell  is 
due  to  the  impressions  of  the  villi  of  the  formatiTe  membrane: 
the  permeability  of  the  shell  by  the  atmosphere  depends  on  a 
more  minutely  porous  texture.  The  first  effect  of  this  per* 
meability  is  penetration  of  air  between  the  layers  of  the  fining 
membrane  as  the  contents  of  the  egg  condense  by  cold  and 

'  occnii.  p.  63. 
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poration  after  it  is  laid.  The  air  accumulates  between  layers 
of  the  '  membrana  putaminis'  at  the  great  end  of  the  egg»  fig.  130^ 
A,/;  and  in  increased  quantity  as  the  other  contents  become 
condensed  into  the  tissues  of  the  chick,  when  it  is  ayerred  to 
contain  rather  more  oxygen  than  in  ordinary  atmospheric  air. 
Such  is  the  complex  structure  of  the  egg  of  a  bird  prior  to  its 
becoming  subject  to  the  influence  of  incubation. 

It  differs  from  the  egg  of  the  cold-blooded,  non-incubating 
Ovipara,  in  the  presence  of  the  chalaz®  and  of  the  air-chamber, 
in  the  firmer  and  more  complex  structure  of  the  shell,  and  in  the 
greater  proportion  of  albumen :  in  all  which  difierences  may  be 
discerned  a  prospective  adaptation  to  the  business  of  hatching. 

The  cicatricula,  or  germ,  is  on  the  uppermost  part  of  the 
floating  yolk,  the  thinner  part  of  which,  occupying  the  nuclear 
tract,  fig.  130,  B,  c,  makes  that  half  of  it  the  lightest.  Pressure 
of  the  upfloated  germ  against  the  shell-wall  is  moderated  by  the 
weight  of  the  denser  albumen  forming  the  chalazas,  ib.  A,  c ;  and 
their  usual  attachments,  a  little  below  the  axis  of  the  yolk,  help 
also  to  make  the  cicatricular  half  the  lightest  and  uppermost. 
Under  ordinary  circumstances  rotation  of  the  egg  takes  place  on 
its  long  axis,  and,  if  a  fresh  egg  be  so  turned  round,  *  Ae  cica- 
tricula will  keep  its  position  upwards  for  one  turn  or  a  little 
more,  and  then,  by  the  twisting  of  the  chalazas,  the  yolk  is  carried 
completely  round,  and  balances  itself  again  with  the  cicatricula 
uppermost  in  its  new  position.'*  The  main  function  of  the 
chalazse  is  to  keep  the  yolk  more  steady  in  the  albumen,  and  to 
moderate  the  effects  of  any  violent  movement  or  rotation  of  the 
egg.  The  domed  form  of  the  hard  shell  enables  it  to  bear  the 
superincumbent  weight  of  the  brooding  mother.  How  these 
modifications  of  the  oviparous  egg  in  anticipatory  relation  to  the 
needs  and  conditions  of  incubation  can  be  brought  about  by 
*  selective'  or  other  operations  of  an  unintelligent  nature  is  not 
conceivable  by  me. 

Birds  differ  in  the  number  of  eggs  which  they  lay  at  one 
breeding  season,  in  the  relative  size,  in  the  shape,  colour,  sur- 
face, and  thickness  of  the  shell  of  the  laid  eggs.  The  Frigate 
Bird,  Albatross,  Penguin,  Fulmar,  Petrel,  Awks,  and  some  other 
sea-birds  that  brood  on  bare  rocks,  severally  lay  and  hatch  but 
one  egg  at  a  season :  the  Skua  Gulls  {Lestris)  have  two  eggs ; 
the  Common  Gulls  (Larus)  three  eggs;  the  Latnellirostres  and 
most  GallincB  hatch  many  eggs  at  a  brood. 

The  Cuckoo  has  the  smallest  egg  in  proporlia  %  the 
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Apteryx  the  largest :  in  this  species  it  weighs  14^  oz. ;  the  entire 
bird  60  oz. ;  so  that  the  egg  is  nearly  equal  to  one-fourth  of  the 
parent  The  hugest  known  egg  of  a  bird  is  that  of  the  extinct 
jEpyornis  of  Madagascar.  The  following  are  comparative  ad- 
measurements of  this  egg  and  that  of  an  Ostrich : — 

Xpjorala.  8tniUik». 

In.  LinM.  In.  LioiL 

Length  of  major  axis        ....        12  3  5  10 

„        ,,  minor  axis        ....  9  4  5  0 

Greater  circumference       ....         34  2  17  10 

Smaller  clrcamferencc        ....        29  8  16  € 

The  contents  of  the  egg  of  the  -ZEpyomis  are  computed  to  equal 
those  of  6  Ostriches'  eggs,  and  148  hen's  eggs. 

The  eggs  of  most  Owls,  of  some  Penguins  {Spheniscus)^  of  the 
King-fishers  {Alcedo,  Halcyon),  of  the  Plantain-eaters  (J/iu^ 
phaga\  and  Bee-eaters  {Merops),  are  those  that  have^  or  nearly 
approach  to,  the  spherical  shape :  those  that  furthest  depart  from  it, 
or  have  the  longest  shape,  are  the  eggs  of  the  Megapode  and  Al- 
batross. The  oval,  or  ovate,  is  the  common  form  in  birds  (fig.  130, 
and  vol.  i.  p.  599,  fig.  420,  c) :  the  eggs  with  the  narrowest  small 
end,  ib.  D,  are  those  of  the  Plovers,  Snipes,  Sand-pipers  and  allied 
Waders,  which  usually  lay  four  eggs,  packed  in  the  smaller 
compass  by  the  meeting  of  the  small  end  of  each  in  the  centre. 
The  egg  of  the  Chinese  Jacana  {Parra  sinensis)  is  like  a  top  in 
shape.  The  eggs  of  Grebes,  Cormorants,  Pelicans,  are  elliptic 
The  shell  of  the  Emeu's  and  Ostrich's  egg  has  a  rough  exterior: 
that  of  the  Gangas  {Pterocles)  has  a  glossy  smoothness.  The 
shell  of  the  egg  of  the  Ostrich,  Emeu,  and  Cassowary  is  rela- 
tively thicker  than  that  of  the  Apteryx,  Mound-bird,  and  Dinomis. 

§  170.  Accessory  Generative  Structures  and  External  Sexual 
Characters. — The  exception  to  the  rule  of  incubation  is  given  by 
the  Megapodial  birds  of  the  Australasian  Islands.  A  huge  mound 
of  decaying  vegetable  matter  is  raised:  the  eggs  are  deposited 
vertically  in  a  circle  at  a  certain  depth,  near  the  summit,  and 
the  chick  is  developed  with  the  aid  of  the  heat  of  fermentatioo. 
The  large  size  of  the  egg  relates  to  affording  a  supply  of  material 
suflBcing  for  an  unusually  advanced  state  of  developement  of  the 
cliick  at  exclusion ;  whereby  it  has  strength  to  force  its  way  to  the 
surface  of  the  hatching-mound,  with  wings  and  feathers  sufficiently 
developed  to  enable  it  to  take  a  short  flight  to  the  nearest  branch 
of  an  overshadowing  tree.* 

A  steady  continuous  temperature  of  about  100**  Fahr.  is  the 

'  LTi%  and  LViir. 
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requisite  condition  of  successful  incubation :  the  heat  of  the  sun 
alternating  with  the  cold  of  night  would  hatch  no  bird's  egg.  The 
Ostrich  deposits  about  fifteen  eggs  in  a  hollow  of  the  sand :  the 
male  bird  incubates,  and  the  young  are  excluded  in  from  fifty  to 
sixty  days.  The  following  are  the  periods  of  incubation  in  some 
birds  of  the  different  orders  of  the  class :  the  female  sitting  where 
not  otherwise  stated : — 


Species 
American  Ostrich 
Moonik    . 
Emeu 
Puffin 
Guillemot 
Hooded  Merganser 
Sheldrake 
Muddy  Wildrake 
Summer  Duck 
Mandarin  Duck 
Sandwich  Island  Goose 
Cercopsis  Goose 
Black  Swan 
White  Stork 
Heron 
Dotterel   . 
Capercailzie 
Californian  Quail 
Purple  Kaleege 
Impeyan  Pheasant 
Crown  Pigeon  . 
Ringdove 
Cuckoo     . 

Belted  Kingfisher 
Martin 
Skylark   . 
Chaffinch 
Wren 
Bullfinch . 
Starling    . 
Baven 
Golden  Eagle 


No. 

(lihca  americana)  male 

(Casuarius  Bennettit)  male     .... 
(^Dromaiua  Nova  Holiandiai)  male 

(Fratercula  arctica) 

(t/irto  troile) 

{Mergua  cucuRatus) 

(Tadoma  vuipatuer) 

(Caaarca  rulifa) 

(/lix  sponsa) 

(^Aix  gcdericulata) 

(^Bernicia  aandvicetutia) 

(CereopnM  Nowt  HoUandict) 

{CygnuM  atratus) 

(Ctcontd  albd) 

{Ardea  cinerea) 

{Charadriua  morinellua) 

(^Tetrao  urogallus) 

{Callipepla  calif omica) 

(GaUipkasiM  Horafieldii)  .... 

{Lophopkortu  Impeyanua)        .... 

{Gfoura  coronata) 

(Columba  palumlta) 

{ChcuIus  canonu)  by  Hedgc-Sparrow  or  other 

Passerines 

(Alcedo  akyon) 

{Hirundo  urbicd) 

{Alauda  arveitKig) 

{FringUia  cceleb$) 

(  Troglodytes  vulgaris) 

{Pyrrhula  vulgaris) 

(^Sturnus  vulgaris) 

(Corvus  corax) 

(Aquila  chrysaetos) 


of  days 
35 
48 
54 
30 
30 
31 
30 
30 
30 
30 
31 
35 
35 
31 
28 
20 
28 
21 
24 
28 
28 
16 

14 
16 
13 
15 
13 
10 
15 
16 
20 
30 


Most  birds  nidify,  i.e.  prepare  a  receptacle  for  the  eggs,  to 
aggregate  them  in  a  space  that  may  be  covered  by  the  incuba- 
ting body  (sand-hole  of  Ostrich),  or  superadd  materials  to  keep  in 
the  warmth.  The  most  complex  *  nests '  are  made  by  birds  of 
the  singing  order :  and  of  these  the  pendent  nests  of  the  Weaver- 
Birds  {Ploceida)  are,  perhaps,  the  most  perfect  and  remarkable 
examples  of  nidification.  Not  only  does  the  female  construct  her 
nest  for  incubation ;  but  the  male  makes  his^  in  the  form  of  a  bec- 
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hive,  open  at  the  bottom,  which  is  e-rcMssed  by  a  perch  of  stM: 
woven  material,  upon  which  he  sits,  sheltered  from  the  tw|*v 
sun  or  storm  by  the  dome  above,  which  is  suspended  to  a  brui 
near  that  to  which  is  attached  the  nest  of  the  fenude,  wbom  v 
solaces  during  her  confinement  with  his  song. 

Certain  conirostral  Cantores  still  practise  in  the  undisturt'^ 
wilds  of  Australia  the  formation  of  marriage-bowers  distinct  b^^ 
the  later-formed  nesting-place.*  The  Satin  Bower-Bird  {Ftiltv- 
rhr/nchus  holosericeus),  and  the  Pink-necked  Bower-Bird  ((^ 
wf/dera  maculafa),  are  remarkable  for  their  construction  oo  tk 
ground  of  avenues,  over-arched  by  long  twigs  or  grass-stems^  ^ 
entry  and  exit  of  which  are  adorned  by  pearly  shells,  bi^ 
coloured  feathers,  bleached  bones,  and  other  decoratiYe  mtteni^ 
which  are  brought  in  profusion  by  the  male,  and  YBnooAj^ 
ranged  to  attract,  as  it  would  seem,  the  female  by  the  Aamdi 
handsome  establishment.  For  receiving  and  incubating  hecfff 
the  female  builds  a  nest,  like  that  of  the  Magpie,  in  the  oom^ 
ment  of  a  tree.* 

Alost  birds,  on  reaching  maturity,  show  external 
racters.  In  Diurnal  Raptures  the  female  is  hurger  than 
in  GalUnaceoi  and  most  other  polygamous  birds,  she  is  kHL  k 
tliis  suborder  the  male  is  most  conspicuous  by  the  riduiM^ 
beauty  of  his  colours ;  and  a  difference  in  this  respect  is  t&e  w^ 
common  sexual  character  in  birds,  with  the  frequent  adcGtioa^'' 
])eculiar  size  and  sha{>e  of  certain  feathers,  especiaUy  at  At 
breeding  season,  when,  e.g.,  the  male  of  Machetes puffuaxhccfoa^ 
tlie  '  Buff,'  the  female  the  '  Keeve.'  There  is  a  sexual  dHlen» 
in  the  length  of  the  beak  in  tlie  Hook-billed  Parrots  {Nethr 
in  the  Apten/Xy  and  in  the  singular  genus  of  Hununing-Bir 
{Androdoiiy  Gould),  in  which  the  end  of  the  longer  bill  of  tk 
male  is  dentated.  The  comb  and  wattles  of  the  Cock  exempEf 
sexual  characters  of  certain  cutaneous  api)endages :  his  rp 
and  that  of  otlicr  GaUineB  and  Phasianida,  including  Mek^gn 
is  a  weapon  of  combat,  analogous  to  the  horns  of  Mammab 
Herbivores. 

Swifts,  Swallows,  Doves,  Crows,  King-fishers,  Parrots,  an 
tlie  majority  of  the  Waders  are  examples  of  birds  in  which  tl 
sexes  are  alike. 

*  Lvii.  and  LA'iii. 

*  It  is  possible  that  the  old  propensity  of  the  Majn^ie,  Jackdaw,  and  some  oAen 
our  Conirostrals,  to  which  the  Australian  liowcr-Birds  are  allied,  to  pilfer  gUncrii 
objects,  may  be  the  remnant  of  a  similar  instinct  which  the  increase  of  haman  popil 
tion  has  scared  out  of  them  :  the  conditions  of  cultivation  reducing  the  biids  10  K 
constructions  which  are  essential  to  the  continuance  of  the  species. 
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§  171.  The  heat-force  being  converted  into  movements  of  the 
parts  of  the  germ  thereto  subjected,  the  exjmnsion  of  the  pellucid 
area,  fig.  133,  a,  is  the  first  sign  of  such  change :  in  this  area  ap- 
pears the  embryonal  trace,  in 
the  form  of  the  parallel  lines 
called  *  plicae  primitiva;,' which 
diverge  to  form  the  cepha- 
lic dilatations.  Concurrently 
with  the  appearance  of  the 
myelencephalous  columns,  ib. 
/?,/?,  the  blood-lakes  expand  in 
the  surrounding  halones,  and 
tracts,  ib.  A,  A,  along  which 
pass  colourless  blood-parti- 
cles, extend  from  below  the 
cephalic  expansion,  ^,  to  the 
peripheral  sinuses:  asthepro- 
to-vertebrae,  ib.  r,  r,  begin  to 
appear  at  the  sides  of  the  my- 
elon,  the  red  colour  is  ac- 
quired by  the  blood,  and  the  heart  is  made  more  manifest,  by  its 
movements,  as  the  *  punctum  saliens,'  ib.  c,  A  distinct  membrane, 
*  serous  layer,'  ib.^,  s,  is  formed  upon  the  germ  and  blastoderm :  * 
the  cephalic  end  of  the  embryo  rises  from  the  surface  of  the 
blastoderm,  and  then  curving  down,  sinks  into  it,  forming  for 
itself  a  kind  of  hood  of  the  serous  layer :  it  is  reflected  at  i,  to 
show  the  fossa,/.  This  hood  gradually  extends  from  the  margin 
of  the  fossa  over  the  body,  and,  meeting  a  similar  fold  formed 
by  the  projecting  and  incurved  tail,  closes  over  the  germ  on  the 
upper  side,  *  making  a  circumscribed  cavity  which  is  the  amnios,' ' 
fig.  134,  a.  The  progress  of  differentiation  of  layers  of  the  blasto- 
derm has  gone  on  beneath:  in  fig.  183,  the  *  serous  layer'  b  is 


Embryo  of  Chick  thlriy  fifth  hour. 
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partially  reflected  from  the  *  vascular '  and  '  mucous  layers.'  *  The 
mucous  layer  is  concerned  in  the  formation  of  the  intestinal 
canal ;  and  beyond  this  part,  which  is  at  first  an  open  groove,  the 
mucous  layer  expands  over  the  yolk,  which  it  ultimately  incloses, 
the  margins  of  the  *  vitellicle  '  so  formed,  fig.  134,  c,  contracting 
and  uniting  at  the  side  opposite  to  the  embryo  at  a  sort  of  '  ci- 
catrix, to  which  the  last  part  of  the  slime  adheres.'  *  The  vitellicle 
is  richly  vascular,  and  the  surface  next  the  yolk  is  augmented  by 
rugae,  the  yolk  in  contact  with  which  becomes  more  liquid,  and 
loses  its  coagulability. 

At  about  the  fortieth  hour  in  the  Common  Fowl  the  limbs  begin 
to  bud  forth,  and  a  vesicle  to  protrude  from  near  the  anal  end  of 

the  intestine  which,  rapidly 
expanding,  fig.  134,  by  spreads 
over  the  embryo,  acquiring 
a  dose  adhesion  to  the  am- 
nios, ib.  a,  but  remaining 
distinct  from  the  vitellicle, 
ib.  Cy  c,  over  which  it  spreads, 
finally  inclosing  the  albu- 
men, and  interposing  itself 
between  the  latter  and  the 
lining  membrane  of  the  shell. 
Bloodvessels  called  '  umbili- 
cal,' fig.  134,  iy  are  coextend- 
ed  with  this  bag,  which  Hunter  '  called  "  allantois,"  from  its  con- 
taining urine.' '  But  that  it  ^  answers  other  important  purposes, 
must  appear  evident  from  its  extent  being  far  beyond  what  would 
answer  that  purpose.  I  conceive  that  the  side  of  the  bag  which 
surrounds  and  is  in  contact  with  the  albumen,  acts  as  the  chorion 
or  placenta,  for  it  must  be  by  this  surface  that  the  albumen  is 
absorbed  and  the  chick  supported.  The  external  part  of  the  bag, 
which  comes  in  contact  with  the  shell,  I  conceive  to  act  as  lungs, 
for  it  is  the  only  part  that  comes  in  contact  with  the  air :  and  on 
opening  an  egg  with  the  chick  pretty  far  advanced  I  find  that  the 
blood  in  the  veins  is  scarlet,  while  it  is  of  the  Modena  colour  in 
the  arteries  of  the  bag.'*  Schwann's  experiments  show  that  the 
developement  of  the  chick  may  go  on  without  oxygen  to  the 
fifteenth  hour,  and  that  the  life  of  the  germ  is  not  destroyed  till  be- 
tween the  twenty-fourth  and  thirtieth  hour,  but  that  the  presence 
of  oxygen  is  essential  to  further  developement.*     As  the  embryo 


Mcmbnuies  of  the  Chick  third  day.   lt*. 


*  The  mncoas  layer,/  is  shown  reflected  from  the  vascnlar  area,  g, 
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grows  it  turns  upon  its  left  side,  exhibiting  a  profile  view ;  it  then 
indents  the  yolk,  and  finally  almost  divides  it  into  two  portions. 

The  formation  of  the  digestive  tube  and  glands  closely  follows 
the  course  described  in  Vol.  I.  pp.  604,  605,  606. 

The  embryo  of  the  bird  is  that  which  best  admits  the  observa- 
tion of  the  commencement  of  the  developement  of  the  organ  of 
hearing  by  a  superficial  depression  of  the  cephalic  blastema,  fig. 
135,  /,  to  meet  the  process  from  the  epencephalon,  ib.  e,  which 
forms  the  acoustic  nerve.  The  lining  of  the  depression  becomes, 
on  the  closure  of  the  slit,  the  proper  tunic  of  the  labyrinth.* 

The  vesicle  of  the  labyrinth,/,  swells  into  four  dilatations,  of 
which  three  are  '  ampullar,'  and  the  fourth  ^  cochlear : '  the  am- 
pullar dilatations   extend  into  very  slender 
canals,  at  first  almost  in  the  same  plane,  by 
which   they  are  brought  into  mutual  com- 
munication :    as  the  canals  expand  and  elon- 
gate, they  assume  their  characteristic  relative 
positions  as  external,  superior,  posterior :  the 
hinder  end  of  the  external  canal  being  ex- 
tended  beneath   the    posterior    canal.     The 
cochlear  dilatation  curves  as  it  elongates :  an 
inner  layer  becomes  distinct  from  the  common     Forep<ut  of  embrjo  chick 
membrane,  and  forms  the  acoustic  lamina.  "'^**° 

As  in  the  developement  of  the  eye,  the  production  of  the  nerve- 
process  from  the  cerebral  centre  is  the  first  step,  the  infolding  of 
the  superficial  blastema  to  meet  the  nerve  is  the  next :  the  so- 
called  ^  cutaneous  follicle'  becomes  a  circumscribed  sac  or  vesicle, 
in  which  the  changes  and  developements  next  proceed,  converting 
the  vesicle  into  *  acoustic  labyrinth'  or  ^eyeball.'  In  each  case 
neural  elements  of  two  vertebrae  become  modified  to  lodge  and 
protect  the  sense-organs,  forming  respectively  the  recesses  called 
^otocrane'  and  ^  orbit,'  the  one  between  the  occipital  and  parietal 
vertebrae,  the  other  between  the  frontal  and  nasal  vertebrae.  The 
part  of  the  outer  bla^temal  layer  of  the  head  which  sinks  to  meet 
the  process  from  the  mesencephalic  dilatation,  rapidly  changes  its 
follicular  into  a  vesicular  state:  the  vesicle  elongates,  bending 
round  the  cell-mass  in  which  the  crystalline  lens  is  formed  (as  in 
the  Fish,  Vol.  I.  fig.  423),  and  by  the  meeting  of  the  two  ends,  the 
*  choroid  fissure,'  at  the  lower  part  of  the  eyeball,  figs.  134,  135, 
results.     The  mesencephalic  process,  or  *  optic  nerve,'  expands  at 

'  In  XX.  pL  Ixx.  fig.  3,  embryo  of  the  Goose  at  the  thirtieth  hour  of  incabation,  the 
open  state  of  the  acoustic  sac  is  erroneousl/  described  as  *  meatas: '  but  the  sac  bo- 
comes  closed,  and  the  tjrmpaaam  and  its  passage  are  later  deYelopements. 
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the  back  part  of  the  circular  sac,  and,  in  the  course  of  its  muta- 
tion into  eyeball,  lines  its  posterior  part  with  the  layer  called 
retina,  interrupted  only  by  the  cicatrix  of  the  inferior  and  rapidly 
blended  ends  of  the  primitive  eye-sac.  The  transparent  layer 
covering  the  fore-part  of  that  sac  and  the  inclosed  lens  is  meta- 
morphosed into  cornea.  Other  layers  of  the  sac  are  differentiated 
into  choroid,  ciliary  processes,  iris;  and  a  fold  of  the  vascular 
layer  protrudes  through  the  choroid  fissure  as  a  persistent  struc- 
ture in  birds,  in  which  the  ^  pecten '  significantly  marks  a  curious 
step  in  the  developement  of  the  eye  in  all  Vertebrates.  Of  the 
appendages  of  the  eye  the  membrana  nictitans,  fig.  137,  a,  is 
the  first  to  appear,  the  lower  lid  and  then  the  upper  lid  follow. 
It  is  a  mistake  to  speak  of  the  labyrinth  or  eyeball  as  being 
formed  by  the  integument,  or  beginning  as  ^  cutaneous  follicles,' 

for  the  structures  of  the  skin  are  not 
differentiated  when  they  first  appear; 
a  layer  of  cellular  or  primitive  blastemal 
tissue  represents  the  integument,  and  a 
greater  number  of  cells  is  aggregated  at 
the  points  which  tend  inward  to  meet 
the  productions  from  the  nervous  centres. 
After  the  essential  organs  of  sense  are 
established,  then  is  the  skin  developed 
and  modified  more  or  less  for  their  pro- 
tection, forming  the  outer  ear  and  the 
eyelids :  but  both  passages  are  closed  by 
transparent  membranes,  as  ^  ear-drum ' 
and  ^  cornea.'  Only  in  the  case  of  the 
olfactory  organ  does  the  primitive  de- 
pression, fig.  135,  r,  retain  its  outlet, 
and  in  the  bird  and  other  air-breathers, 
it  also  communicates  with  the  air-pas- 
sage :  having  the  tegument  superadded 
and  modified,  in  most,  as  external  nostril 
and  nose. 

As  in  the  Lizard  and  Snake  (Vol.  I. 
fig.  444),  so  in  the  Bird,  the  four  verte- 
bral segments  constituting  the  head  are 
shown  by  the  embryological  characters 
and  course  of  formation  of  the  *  maxil- 
lary' arch,  figs.  135,  136,  a,  the  ^man- 
dibular arch,'  ib.  J,  the  ^  hyoidean  arch,' 
ib.  c,  and  the  scapular  arch,  ib.  d.     The  transitory  branchial  arte- 
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ries,  fig.  136,  from  the  aortic  bulb  traverse  the  tissue  between  the 
hjoidean  and  scapular  arches. 

The  channels  which  return  the  blood  from  the  vitellicle  are 
the  *  transverse'  and  *  longitudinal  vitelline'  veins:  the  first  are 
so  called  because  these  trunks  pass  to  the  embryo  at  right  angles 
to  its  axis ;  they  are  the  largest  returning  channels :  the  longitu- 
dinal veins  run  parallel  with  the  axis  of  the  embryo  and  are  of 
smaller  size.  The  right  anterior  longitudinal  vein,  fig.  136,  /?', 
becomes  the  right  precaval  and  receives  the  remains  of  the 
right  transverse  vitelline  vein,  ib.  s,  as  the  right  vena  azygos. 
The  left  anterior  longitudinal  vitelline  vein,  ib.  p,  is  also  per- 
sistent as  the  left  precaval,  and  enters  in  the  mature  bird,  as  in  the 
embryo,  the  posterior  or  lower  (sacral)  part  of  the  auricle.  The 
left  transverse  vitelline  vein,  ib.  r,  is  also  subsequently  reduced, 
by  receiving  only  the  vertebral  veins  of  that  side,  ^  to  the  con- 
dition of  a  so-called  *  azygos  vein.'  The  main  trunk  of  the  post- 
caval is  the  result  of  the  returning  channels  from  the  abdominal 
viscera  and  the  hi^d-limbs,  at  a  later  stage  of  developement. 
There  is  but  one  principal  posterior  longitudinal  vitelline  vein, 
ib.  qy  which  anastomoses  with  the  left  transverse  vein  as  it  enters 
the  embryo :  the  homotype  of  the  right  side  appears  as  one  of 
the  ordinary  small  tributaries  of  the  right  transverse  vein. 

The  auricle  which  by  the  dilatation  of  the  left  side,  ib.  u, 
appears  to  be  double,  receives  the  venous  blood  at  its  right 
di\asion.  The  left^one,  subsequently  receiving  the  veins  from  the 
lungs,  is  ultimately  separated  from  the  left  precaval  and  right 
auricle  to  which  that  vein  is  conducted  and  restricted. 

The  ventricular  part  of  the  heart,  ib.  t?,  at  the  second  day  of 
incubation,  is  in  the  form  of  a  bent  tube,  curbing  from  behind 
downward,  forward,  to  the  right  and  upward,  continued  insensibly 
into  the  part  representing  the  ^  aortic  bulb,'  ib.  /,  in  which  the 
septum  first  appears,  ultimately  dividing  the  ventricle  into  two. 

At  this  stage  the  piers  of  the  maxillary  arch,  ib.  a,  appear  as 
buds  from  beneath  the  eyeballs ;  the  naso-premaxillary  process, 
ib.  /,  is  above  their  interspace ;  the  piers  of  the  mandibular  arch, 
ib.  b,  b,  and  those  of  the  hyoidean  arch,  ib.  c,  c,  follow  in  close  suc- 
cession. The  blastemal  base  of  the  scapular  arch,  ib.  d,  rf,  slightly 
projects  at  the  sides  of  the  ^  fovea  cardiaca : '  the  piers,  now  separate, 
ultimately  meet  in  front  of  the  heart,  and  accompany  it  in  its 
retrograde  course.  The  mesencephalon,  ib.  iw,  is  the  largest 
segment  of  the  brain,  in  connection  with  the  eyeballs,  o,  o. 

When  the  heart  has  assumed  its  form,  as  such,  distinct  from 
the  great  tnmks  rising  from  it,  the  arteries  from  the  base  of  the 
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ventricle  appear,  during  the  foetal  circulation  of  the  chick,  to  be 
two :  that  to  the  right  bifurcates,  one  division  supplying  the  head 
and  wings,  the  other  winds  over  the  right  bronchus :   that  to  the 
left  also  bifurcates :  its  left  division  arches  over  the  left  bronchus 
and  anastomoses  with  the  right  arch  a  little  below  and  behind  the 
apex  of  the  heart :  its  right  division  arches  over  the  back  of  the 
heart,  bending  rather  to  the  right,  and  anastomoses  with  the  right 
aortic  arch,  just  above  the  other  *  ductus  arteriosus.'     Cach  of 
these  divisions  of  the  left  primary  arterial  trunk  sends  off  a  brandi 
to  its  corresponding  lung,  and  as  the  lung  expands,  and  especially 
begins  to  act  as  such,  toward  the  close  of  incubation,  the  blood  is 
diverted  into  the  pulmonary  vessels,  and  the  channels  below  them 
shrink  and  disappear.     The  left  primary  artery  is  retained  as  the 
trunk  of  the  pulmonaries,  and,  through  the  changes  in  the  interior 
of  the  ventricle,  this  arises  exclusively  from  the  ventricle  answer- 
ing to  the  ^  right '  in  Mammals,  whilst  the  retained  aorta  rises  frcHOd 
the  *  left'  ventricle.     It  arches,  however,  over  the  right  bronchus. 
There  is  no  left  aorta  in  birds  distinct  (as  in  fig.  335,  A,  VoL  L 
p.  509)  from  the  trunk  (ih.p)  which  gives  off  the  artery  to  the  left 
lung:    only  one  arterial   trunk  arises  from  the  right  ventricle 
instead  of  two. 

The  air-cells  begin  at  the  lower  point  of  the  lungs,  like  a  small 
hydatid,  and  extend  further  and  further  into  the  abdomen,  before 
the  kidneys :  they  are  at  first  full  of  a  fluid;  as  they  extend,  they 
are,  as  it  were,  squeezed  among  the  intestines  and  at  last  fill  widi 
them  the  whole  abdomen.  Soon  after  other  air-cells  are  forming. 
The  lungs  are,  at  first,  free,  as  in  Reptiles,  but  afterwards  b^in 
to  be  attached  to  the  ribs  and  spine.     In  the  female  embryo  we 

first  *  observe  two  oviducts,  one  on  each 
side'  (as  in  fig.  127,  ff);  but  'before 
hatching  the  right  seems  to  decay.'  * 
*  There  are  two  kinds  of  down  on  the 
chick,  one  long,  which  comes  first,  about 
two  or  three  days  before  hatching;  a 
second,  or  fine,  down  forms  at  the  roots 
of  the  other.'  '  The  little  homy  knob 
at  the  end  of  the  beak,  fig.  137,  b,  with 
which  it  breaks  the  shell  when  arrived 
ucadofGotiing.Lv.  »*  full  timc,  is  also  gradually  forming 

into   a    more    regular   and   determinate 
})oint,  the  progress  of  which  is  seen  from  the  first  figure  to  the 

»  XX.  vol.  V.  p.  xxvl 
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Sixth.'  *  As  the  contents  of  the  egg  become  condensed  by  em- 
bryonal developement,  the  air-cavity,  fig.  130,/,  expands.  '  The 
chick  some  time  before  birth  has  a  kind  of  mixed  action  of  life, 
for  it  breathes,  and  we  can  hear  it  pip  and  chirp  in  the  egg ;  and 
we  find  the  adult  circulation  through  and  out  of  the  heart  is 
formed  before  birth  :  yet  it  is  receiving  its  nourishment  from  the 
remaining  slime.'  * 

The  *  slime '  or  albumen  is  reduced  to  the  small  mass  adhering 
to  the  cicatrix  of  the  vitcllicle,  and  with  this  and  its  yolk  little 
decreased  in  bulk,  it  is  taken  into  the  abdomen,  where  it  serves  to 
nourish  the  chick  in  the  first  feeble  days  of  its  free  life :  the  pedicle 
of  the  vitellicle  communicates  with  a  loop  of  the  small  intestine. 
The  allantois  is  left,  lining  the  shell :  the  urachus  is  obliterated. 
The  anus  has  a  dorsal  position  near  the  hind  end  of  the  trunk  in 
the  nestlings,  fig.  113,  A. 

The  degree  of  developement  under  which  the  young  bird  quits 
the  egg  differs  in  different  groups  of  the  class.  It  is  naked  or 
covered  with  down  only,  and  is  dependent  on  the  parents  for 
shelter  and  support,  in  the  orders  Rajptores,  Scansores,  Voli- 
TORES,  Cantores,  in  the  Kasorial  suborder  Gemitores  (Doves, 
p.  9) ;  in  the  Grallatorial  Cultrirostres  (Herons,  &c.  p.  9)  ;  in  the 
Natatorial  Lonffipennatce  (Gulls,  &c.  p.  9),  and  TotipalmatcB 
(Pelicans,  &c.  p.  9).  The  young  bird  is  excluded  well  clothed 
and  able  to  run  or  swim  about  and  provide  food  for  itself  in  the 
suborder  Gallinaceje,  in  the  Cursores,  in  the  Natatorial 
BrevipennatcB  (Penguins,  Awks,  &c.)  and  Lamellirostres  (Duck, 
Goose,  &c.),  and  in  all  the  Grallatores  save  the  Cultrirostral 
group  or  part  of  it.  Of  these  *  precocious  '  birds  (Prcecoces)  most 
are  polygamous,  and  the  females  hatch  many  young ;  whereas  in 
the  *  nursing '  groups  {Altrices)  the  species  are  monogamous,  and 
have  few  young.' 

^  Three  of  the  figures  here  referred  to  by  Hunter  are  engraTed  in  xx.  rol.  t.  pi. 
Ixxvi.  figs.  16,  17,  18.  •  lb.  p.  xxrii.  •  vii\  p.  26!k 
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CHAPTER  XXV. 

CHARACTERS  AND   PRIMARY  GROUPS   OF   THE    GLASS 
MAMMALIA. 


§  172.   Class    Characters.  —  Mammals   are   outwardly  distin- 
guished by  a  covering  of  hair,  entire  or  partial^  and  (with  two  ex- 
ceptions) by  teats^  fig.  138,  a^  A,  whence  the 
^^^  name  of  the  class.^     All  possess  manunary 

glands  and  suckle  the  young :  the  embryo  or 
foetus  is  developed  in  the  womb.  The  male 
has  a  penis,  and  impregnation  is  preceded 
by  intromission.  The  lungs,  fig.  139,  fy, 
minutely  cellular  throughout,  are  sus- 
pended freely  in  a  thoracic  cavity  separated 
by  a  musculo-tendinous  partition  or  *  dia- 
phragm,' ib.  dy  from  the  abdomen. 

Mammals,  like  Birds,  have  a  heart,  ib. 
A,  composed  of  two  ventricles  and  two  auricles,  and  have  wann 
blood :  they  breathe  quickly ;  but  inspiration  is  performed  chiefly 

139 


New-born  fnetas  and  teats,  Kan- 
garoo (Maeroput  maicr). 


Ide^  section  of  a  Mammalian  animal. 


by  the  agency  of  the  diaphragm ;  and  the  inspired  air  acts  only 
on  the  capillaries  of  the  pulmonary  circulation. 

1  Mamma,  a  teat.    The  Monotremes  have  mammary  glands  without  teats.    The 
foetal  Cetacca  show  tufls  of  hair  on  the  mazzle. 
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The  blood-discs  are  smaller  than  in  Keptiles,  and^  save  in  the 
Camel-tribe,  are  circular.  '  The  right  auriculo-ventricular  valve 
is  membranous,  at  least  never  entirely  fleshy ;  and  the  aorta  bends 
over  the  left  bronchial  tube.  The  abdominal  aorta  terminates  by 
dividing  beyond  the  kidneys  into  the  iliac  arteries,  from  wliich 
spring  both  the  femoral  and  ischiadic  branches:  if  continued 
beyond,  it  is  as  a  caudal  or  sacro-median  artery. 

The  kidneys,  ib.  A,  are  relatively  smaller  and  present  a  more 
compact  figure  than  in  the  other  Vertebrate  classes  ;  their  paren- 
chyme  is  divided  into  a  cortical  and  medullary  portion,  and  the 
secreting  tubuli  terminate  in  a  dilatation  of  the  excretory  duct, 
called  the  pelvis.  They  derive  their  secretion  exclusively  from 
the  arterial  system.  Their  veins,  commencing  by  minute  capil- 
laries in  the  renal  parenchyme,  terminate  generally  by  a  single 
trunk  on  each  side  in  the 
abdominal  vena  cava :  they  ^^® 

never  anastomose  with  the 
intestinal  veins. 

The  liver,  ib.  /,  is  gene- 
rally divided  into  a  greater 
number  of  lobes  than  in 
Birds.  The  portal  system 
is  formed  by  veins  derived 
exclusively  from  the  spleen 
and  chylopoietic  viscera. 
The  cystic  duct,  when  it 
exists,  always  joins  the  he- 
patic, and  does  not  enter 
the  duodenum  separately. 
The  pancreatic  duct  is  com- 
monly single. 

The  mouth  is  closed  by 
soft  flexible  muscular  lips : 
the  upper  jaw  is  composed 
of  palatme,  fig.  140,  20,  maxillary,  21,  and  premaxillary,  22,  bones, 
and  is  fixed ;  the  lower  jaw  consists  of  two  rami,  formed  each  by 
one  bony  piece,  ib.  30-32,  and  articulated  by  a  convex  or  flat  con- 
dyle, ib.  .29,  to  the  squamosal,  ib.  27,  not  to  the  tympanic,  ib.  28. 

The  jaws  of  Mammals,  with  few  exceptions,  are  provided  with 
teeth.     These   are  limited  to  the  premaxillary,  maxillary,   and 
mandibular  bones,  and  are  there  arranged  in  a  single  row ;  they 
arc  lodged  in  sockets,  not  anchylosed  with  the  sabit* 
jaw.   Only  in  the  present  class  are  teeth  implaated 


Skull  of  Mammal,  Deer. 
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fangs:  when  they  are  of  Kmited  growth,  and  usually  molars :  ever- 
growing teeth  require  the  base  to  be  kept  open  for  the  persistent 
pulp.  Some  Mammals  are  '  monophyodont,'  *  or  have  but  one  set 
of  teeth:  the  majority  are  ^  diphyodont,' «  or  have  two  sets:  none 
have  more.  The  tongue  is  large,  fleshy,  with  the  apex  more  or 
less  free.  The  posterior  nares  are  protected  by  a  soft  palate,  and 
the  larynx  by  an  epiglottis,  fig.  139,  ep :  the  rings  of  the  trachea 
are  generally  cartilaginous  and  incomplete  behind :  there  is  no 
inferior  larynx.     The   oesophagus,  ib.  a,  is   continued    without 

partial  dilatations  to  the 
stomach,  ib.  g,  which  va- 
ries in  its  structure  accoid- 
ing  to  the  nature  of  the 
food,  or  the  quantity  of 
nutriment  to  be  extracted 
therefrom. 

The  vertebral  bodies, 
fig.  141,  Cy  are  ossified 
from  three  centres,  and 
present  for  a  longer  w 
shorter  period  of  life  a 
discoid  epiphysis  at  each 
extremity.  They  are  ar- 
ticulated by  concentric  li- 
gaments with  interposed 
glairy  fluid,  fig.  199,fonii. 
ing  what  are  called  the 
intervertebral  substances ;  the  articulating  surfaces  are  genenllj 
flattened,  but,  in  the  neck  of  certain  Ungulates,  they  are  0(»i* 
cave  behind  and  convex  in  front  The  cervical  vertebne  in  all 
Mammals  save  two,  are  seven  in  number,  neither  more  nor  len. 
The  atlas  is  articulated  by  concave  zygapophyses  to  two  conTex 
condyles,  which  are  developed  from  the  neurapophyses  (exoocH 
pitals)  of  the  last  cranial  vertebra. 

The  scapula  is  generally  an  expanded  plate  of  bone ;  the  com- 
coid,  with  two  (monotrematous)  exceptions,  appears  as  a  gwmH 
process  of  the  scapula.  The  sternum  is  usually  narrow,  and  con- 
sists of  a  simple  longitudinal  series  of  bones :  the  sternal  ribs  are 
generally  cartilaginous.  The  centrums  of  two  cranial  vertebne 
(basisphenoid  and  presphenoid)  preserve  their  distinctness  to  a 
late  period  of  growth,  in  the  species  where  they  ultimately 
coalesce. 


Mammalian  vertebra,  lumbar  of  Whale. 


Iiiwoiu,  once;  ^i^,  I  generate;  6Ms^  tooth. 


*  »(j,  twice;  ^^,  and  iUh. 
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The  brain  has  a  cerebellum  with  large  lateral  lobes,  fig.  142,  cf, 
and  the  grey  superficies  much  folded;  the  commissural  fibres 
form,  as  they  cross  the  under  surface  of  the  epencephalon,  a  defined 
tract  or  prominence  called  ^  pons  Varolii,'  fig.  143,  p.     The  optic 

142  143 


Upper  Burfaoe  of  bnln,  Dsfyiire.   lxx*.  Under  inrfaoe  of  hnin,  Poreaplne. 

lobes,  fig.  142,  e,  are  medial  in  position  and  divided  by  a  transverse 
furrow.    The  cerebral  lobes,  ib.  J,  are  not  only  united  by  a  round 

144  145 


T.ycnoepbalons  brain.  Wombat  (Pkateolomya  fu»ea).    lxx-  .        Corpus  calloium,  brain  of  Bearer,    lxx-. 


commissure,  but  by  a  *  lyra '  and  hippocampal  commissure,  fig. 
144,  m ;  from  which  is  developed,  in  the  majority  of  the  class. 
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a '  corpus  callosum '  or  great  commissure,  fig.  145,  L  The  rhinen- 
cephalon,  fig.  142,  a,  is  in  contact  with  the  prosencephalcm, 
*,  and  sends  off  numerous  olfactory  nerves  which  perfoimte  a 
^  cribriform '  plate  of  the  prefrontal. 

§  173.  Mammalian  Subclasses.— The  primary  subdivisions  of 
the  present  class  are  characterised  by  conditions  of  the  brain.^ 

When  the  hemispheres  are  connected  by  the  ^  round  ccMumis- 
sure '  and  ^  hippocampd  commissure '  only,  fig.  144,  m,  this  cerebral 
condition  is  associated  with  the  absence  of  a  vascular  chorion  or 
placenta,  and  with  prematurely  bom  young,  compared  with  the 
rest  of  the  class  (fig.  138  shows  the  natural  size  of  the  new-bora 
Kangaroo  of  the  largest  species). 

The  cerebral  hemispheres  are  usually  without  folds,  and  leave, 
as  in  fig.  142,  the  cerebellum,  rf,  olfactory  lobes,  a,  and  part  rf 

the  optic  lobes,  c,  exposed.  The  sub- 
class so  characterised  is  called  Lyen- 
CEPHALA.*  Mammab  of  this  low  type 
existed  as  far  back,  in  time,  as  the 
oolitic  and  triassic  periods,  and  ire 
the  oldest  known.' 

The  next  stage  of  complexity  in  die 
Mammalian  brain  is  where  the  *  corpus 
callosum,'  fig.  145,  /,  is  present;  bot 
connects    hemispheres    as     little  ad- 
vanced in  relative  bulk   or  outward 
character   as   in   the   preceding  sub- 
class ;    the  surface  being  smooth,  fi<r. 
146,  e,  or  witl^  folds,  in  the  latest 
members  of  the  group,  not  more  nu- 
merous or  complex  than  in  the  larg^ 
Lyencephala.      The  hemispheres,  ib. 
€,  leave  the  cerebellum,  c,  d,  and  part 
of    the    olfactory  lobes,  f,   exposed. 
The  subclaps  so  characterised  is  called  Lissencephala.*     In  the 
species  with  this  condition  of  brain   the  testes  remain    in   the 
abdomen,  or  are  protruded  into  a  temporary  scrotum  only  at  the 
breeding  period,  to  be  again  retracted :  in  most  there  is  a  common 
external  urogenital  aperture  :  there  are  two  precaval  veins.     The 
squamosal  in  most,  and  the  tympanic  in  many,  retain  their  primi- 
tive condition  as  distinct  bones.      The  orbits  have  not  an  entire 


Ur-pcr  turf  ace  of  brain,  AguutL 


*  Lxvni*.  nnd  lxiv. 
'  zvir.  p.  338. 
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rim  of  bone.  Besides  these  general  characters  of  affinity  to  Birds 
and  Reptiles,  there  are  other  striking  indications  of  the  same  low 
position  in  particular  orders  or  genera  of  the  subclass.  Such, 
e.g.,  are  the  cloaca,  convoluted  trachea,  supernumerary  cervical 
vertebrae  and  their  floating  ribs,  in  the  Three-toed  Sloth ;  the  irrita- 
bility of  the  muscular  fibre,  and  persistence  of  contractile  power 
in  the  Sloths  and  some  other  Bruta ;  the  long,  slender,  beak-like 
edentulous  jaws  and  gizzard  of  the  Anteaters;  the  imbricated 
scales  of  the  equally  edentulous  Pangolins,  which  have  both 
gizzard  and  gastric  glands  like  the  proventricular  ones  in  Birds ; 
the  dermal  bony  armour  of  the  Armadillos  like  that  of  loricated 
Saurians ;  the  quills  of  the  Porcupine  and  Hedgehog ;  the  pro- 
ventriculus  of  the  Dormouse  and  Beaver;  the  prevalence  of 
disproportionate  developement  of  the  hind-limbs  in  the  Rodentia ; 
coupled,  in  the  Jerboa,  with  confluence  of  the  three  chief  meta- 
tarsals into  one  bone,  as  in  Birds ;  the  keeled  sternum  and  wings 

147 


Upper  turf  ace. 


Brain  of  Lomar  (Stenapt  tardiffraduM).   lxix*. 


of  the  Bats;  the  aptitude  of  the  Cheiropteray  Insectivoray  and 
certain  Rodentia  to  fall,  like  Reptiles,  into  a  state  of  torpidity, 
associated  with  a  corresponding  faculty  of  the  heart  to  circulate 
carbonised  or  black  blood: — these,  and  the  like  indications  of 
co-affinity  with  the  Lyencephala  to  the  Oviparous  air-breathing 
Vertebrata,  concur  with  the  cerebral  character  in  demonstrating 
the  low  position  of  the  Lissencephald  in  the  Mammalian  class. 

The  third  leading  modification  of  the  Mammalian  brain  is  such 
an  increase  in  the  relative  size  of  the  cerebrum,  fig.  147,  i,  that 
it  extends  over  half  or  more  of  the  cerebellum,  and  of  the 
olfactory  lobes.  The  surface  of  the  hemispheres  may  be  smooth, 
or  with  few  and  simple  folds,  in  the  smallest  species;  but,  as 
a  rule,  it  is  disposed  in  many  gyri  or  convolutions,  fig.   148, 
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wheiire  the  name  Gyrexcephala,'  proposed  for  this  tliif 

class  of  Mammalia* 

ItL  thiB  Bubclasa,  there  are  no  such  marks  cif  affinity  to  ik% 

Oviparous  Vertebrates  as  Iiave  been  instanced  in  the  preceiniijj. 

The  testes  are  conceateil,  in  adaptation  to  aquatic  lifej  in  Cetarea; 

but,  in  the  rest  of  the  subclass,  with  the  exception  of  tlie  El^ 

phantj  they  pass  out  of  the  abdomen,  and  the  CTyrenccfjhalom 

qua<lriipeds,  m  a  general  rale, 
1^8  have  a  ecrotunip     The  vulvi 

is  externally  distinct  from  the 
anus.  With  the  exceptituj, 
again >  of  the  Elephant,  the 
hi 00*1  from  tlie  head  and  ante- 
rior limba  is  returned  to  the 
right  auricle  by  a  aingle  pre- 
caval  trunk.  The  Mammir 
Han  modification  of  the  Ver- 
tebrate type  attains  its  high- 
est physical  perfectiona  m 
the  Gt/rencephahi^  as  mani- 
fested by  the  bulk  of  some, 
by  the  destructive  ma&tery  t'f 
other®,  by  the  address  and 
agility  of  a  third  order.  And, 
tlirmigh  the  superior  psychtF_ 
k^gical  faculties — an  adapti^i 

intelligence  predoiuinating  over  blind  instinct^ — which  are  nmy^ 

ciated  with  the  higher  devc* 
lopcment  of  the  brain,  the 
Gi/rencvphala  supply  tho 
species  which  have  ef 
formed  the  most  cherishi 
companions  and  ©ervilnre^T 
and  the  most  valuable  sour* 
cea  of  wealth  and  jxiwer,  trt 
Mankind* 

In  Man  the  brain  pre-' 
an  asceneive  step  in  il 
1  opera ent,  higher  mid  n 
strongly  marked  than  that  hy 

wliich  the  jireccdingsitljclaFS  was  distingui^ied  from  the  one  below 

it*     AUhuugh  in  the  lug  best  Gt/mtvephala  the  cerebrum^  figs.  148, 
*  yvp^6i,  I  wind  about;  ^tcvfmkoSf  bfAiii.     LXir% 
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149,  by  may  extend  over  the  cerebellum^  d^  in  Man  not  only  do  the 
cerebral  hemi8pheres,fig.l49,i, overlap  the  olfactory  lobes  and  cere- 
bellum^  dy  but  they  extend  in  advance  of  the  one,  and  further  back 
than  the  other.  Their  posterior  developement  is  so  marked,  that 
anatomists  have  assigned  to  that  part  the  character  of  a  third 
lobe ;  it  is  peculiar,  with  its  proportionally  developed  posterior 
ventricular  horn  and  ^hippocampus  minor/  to  the  genus  Homo^ 
Concomitantly  with  the  correspondingly  developed  anterior  lobes 
of  the.  cerebrum,  the  ventricle  is,  in  like  manner,  produced  into  a 

>  Kuhl  in  Ateles  BeUebuth,^  Tiedemann  in  the  Macacqne  ^  and  Orang,"  Vrolik  in 
the  Chimpanzee,'  and  myself  in  the  Grorilla,*  hare  severally  shown  all  the  homologous 
parts  of  the  human  cerebral  organ  to  exist,  under  modified  forms  and  low  grades  of 
developement,  in  Quadntmana. 

Kuhl  rightly  characterises  the  homologue  of  the  posterior  comu,  which  he  found 
in  a  platyrrhine  monkey,  *Anfang  des  hintern,  drittcn  Horns  dcs  Seitenventri- 
ccls '  {op.  cit.  p.  70) — '  the  beginning  of  the  posterior  or  third  horn  of  the  lateral 
ventricle.*  Tiedemann,  with  equal  accuracy,  defines  the  answerable  part  in  thecatar- 
rhine  qaadrumana,  as,  *  Scrobiculns  parvus  loco  cornu  posteriorls  *  (op,  cit.  p.  14).  In 
regard  to  the  posterior  cornu  in  the  brain  of  the  Orang  he  is  silent  as  to  any  *  hippo- 
campus minor.'  It  exists,  however,  in  the  condition  described  by  Vrolik,  in  that  Ape 
and  in  the  Chimpanzee,  as  '  nne  eminence  qae  nous  croyons  avoir  le  droit  de  nommer 
indice  de  pes  hippocampi  minor'  (  VersL  en  MeJedeel  dtr  Kan,  Akad,  1862,  p.  xiii.) 
These '  beginnings '  and  *  indications*  of  structures  which  reach  their  full  developement 
in  Man  in  no  way  affect  the  value  of  the  latter  as  zoological  characters.  In  propound- 
ing them  as  such  to  the  Linnaean  Society  in  1857,  I  forbore  to  encumber  my  memoir 
with  reference  to  facts  known  to  all  who  possessed  the  elements  of  Comparative  Ana- 
tomy. Ticdemann's  definition  was  the  accepted  one  : — *  Pedes  hippocampi  minores 
vel  ungues,  vel  calcaria  avis,  quss  a  postcriore  corporis  callosi  tanquam  processus  duo 
medullares  proficiscuntur,  inque  fundo  cornu  posteriorls  plicas  graciles  et  retrofiexas 
formant,  in  cercbro  Simiarum  desunt ;  nee  in  cerebro  aliorum  a  me  examinatorum 
mammalium  occurrunt ;  Homini  ergo  proprii  sunt.'  (lb.  p.  51.)  In  like  manner 
Cuvier  had  characterised  the  species  of  his  order  Quadntmana  aa  having,  <  Fouce 
libre  et  opposable  an  lien  dn  grand  orteil.'  And  he  rightly  affirms  :  *  L'homme  est 
le  seul  animal  vraiment  bimane  et  bipede,*  (Eigne  Animal,  i.  p.  70.)  To  adduce 
b^yinnings  of  structures  in  one  group  whieh  reach  their  full  developement  in  another, 
as  invalidating  their  zoological  application  in  such  higher  group,  is  puerile ;  to  repro- 
duce the  facts  of  such  incipient  and  indicatory  structures  as  new  discoveries  is  ridicu- 
lous ;  to  represent  the  statement  of  the  zoological  character  of  a  higher  group  as  a 
denial  of  the  existence  of  homologous  parts  in  a  lower  one  is  disgraceful.  Mr.  Flower 
was  not  the  first  to  see  in  the  hippocampal  commissure  the  beginning  of  the  corpus 
callosum :  the  homologues  of  *  cornu  posterius '  and  of  *  hippocampus  minor '  were 
known  in  the  Orang  before  Prof.  Rolleston :  and  .the  homologies  of  the  bones  of  the 
hind  foot  in  mammals  had  been  determined  before  Prof.  Huxley  propounded  them  to 
show  that  the  hind  thumb  of  the  Ape  was  a  great  toe,  and  that  Man  was  not  the  only 
animal  who  possessed  two  hands  and  two  feet. 

*  Beitriigo  zur  Zoolog^e  und  vergleichenden  Anatomic,  4to,  1820,  zweite  Abthei- 
lung,  p.  70,  tab.  vii.  ^  Icones  cerebri  Simiarum,  fol.   1821,  p.  14,  fig.  iii.   2. 

•  Treviranus,  Zeitschrift  fur  Physiologic,  Bd.  ii.  s.  25,  Taf.  iv.  *  Nienwe  Ver- 

handlungen  der  erste  KUisse  vom  het  Koningl.  Nederlandsche  Institut  Amsterdam, 
1849.  •  Fnllerian  Lectures,  Boyal  Institution  (March  18,  1861),  reported,  with 

copies  of  diagrams,  in  *  Athenaeum,'  March  23rd,  1861,  p.  395. 
VOL.   H.  T 
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hornlike  form,  in  advance  of  the  *  corpus  striatum.'  The  super, 
ficial  grey  matter  of  the  cerebrum,  through  the  number  and  depth 
of  the  convolutions,  attains  its  maximum  of  extent  in  Man. 

Peculiar  mental  powers  are  associated  with  this  highest  form  of 
brain,  and  their  consequences  strikingly  illustrate  the  value  of 
the  cerebral  character ;  according  to  my  estimate  of  which^  I  am 
led  to  regard  the  genus  Homo  as  not  merely  a  representative  of 
a  distinct  order,  but  of  a  distinct  subclass  of  the  Mammalia,  for 
which  I  have  proposed  the  name  of  *  ArchencefhalaJ*  ^ 

150 


Vertical  section  of  the  adnlt  human  brain.   (After  Arnold.)    Half  natural  slxe. 


With  this  preliminary  definition  of  the  organic  characters, 
which  guide  to  a  conception  of  the  natural  primary  groups  of  the 
class  Mammalia^  1  next  proceed  to  define  those  of  secondary  im- 
portance, or  the  subdivisions  of  the  foregoing  subclasses. 

§  174.  Characters  of  Orders. — In  the  Lyencephalous  Mammalia 
some  have  the  optic  lobes  less  definitely  divided  into  *  corpora 
quadrigemina '  than  others.  Those  with  the  more  simple  optic 
lobes  are  '  edentulous '  or  without  calcified  teeth,  are  devoid  of 
external  ears,  scrotum,  nipples,  and  oviducal  fimbriae;  they  are 

•  ^x^f  I  overrule;  iy^o^or,  brain. 
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uterine  ovum,  dluected,  Ornitho- 
rbyncliuB.   uucvir. 


true  Hesticonda,'  and  are  ovo viviparous,  fig.  151:  they  have  a 
coracoid  bone  extending  from  the  scapula  to  the  sternum,  and 
also  an  epicoracoid  and  epistemum,  as 
in  Lizards;  they  are  unguiculate  and 
pentadactyle,'  with  a  supplementary 
tarsal  bone  supporting  a  perforated  spur 
in  the  male.  The  order  so  character- 
ised is  called  *  Monotremata,'  in  refer- 
ence to  the  single  excretory  and  gene- 
rative outlet,  which,  however,  is  not 
peculiar  to  them  among  Mammalia.  The 
Monotremes  are  insectivorous,  and  are 
limited  to  Australia  and  Tasmania; 
where  they  are  represented  by  the  Pla- 
typus or  Duck-Mole  (  Ornithorhi/nchus), 
and  by  the  Spiny  Anteater  {Echidna), 

The  Marsupialia  are  Mammals  distinguished  by  a  peculiar 
pouch  or  duplicature  of  the  abdominal  integument,  which  in  the 
males  is  everted,  forming  a  pendulous  bag 
containing  the  testes,  and  in  the  females  is 
inverted,  forming  a  hidden  pouch  containing 
the  nipples  and  usually  sheltering  the  young 
for  a  certain  period  after  their  birth :  they 
liave  the  marsupial  bones,  fig.  152,  m,  in 
common  with  the  Monotremes ;  a  much-varied 
dentition,  especially  as  regards  the  number  of 
incisors,  but  usually  including  four  true  mo- 
lars ;  and  never  more  than  three  premolars :  the 
angle  of  the  lower  jaw  is  more  or  less  inverted. 

With  the  exception  of  one  genus,  Dtdelphysy 
which  is  American,  all  the  known  existing 
Marsupials  are  Melanesian,  i  e.  belong  to 
Australia,  Tasmania,  New  Guinea,  and  some 
adjacent  isles.  The  grazing  and  browsing 
Kangaroos  are  rarely  seen  abroad  in  fiill  day- 
light, save  in  dark  rainy  weather, 
the  Marsupialia  are  nocturnal.  Zoological 
wanderers  in  Australia,  viewing  its  plains  and  scanning  its  scrubs 
by  broad  daylight,  are  struck  by  the  seeming  absence  of  mam- 
malian life ;  but  during  the  brief  twilight  and  dawn,  or  by  the 
light  of  the  moon,  numerous  forms  are  seen  to  emerge  from  their 
hiding-places  and  illustrate  the  variety  of  marsupial  life  with 
which  many  parts  of  the  continent  abound.     We  may  associate 

T  s 


Most   of    ^'^1^^  '^^  martupUl  lK>neB, 
KMigaroo.   lxxv. 
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with  their  low  position  in  the  mammalian  scale  the  prevalent 
habit  amongst  the  Marsupialia  of  limiting  the  exercise  of  the 
faculties  of  active  life  to  the  period  when  they  are  shielded  bv 
the  obscurity  of  night. 

The  Lissencephala  or  smooth-bndned  Placentals  form  a  group, 

equivalent  to  the  Lyencephala  or 
Implacentals^  and  include  the  fol- 
lowing orders,  Rodentia,  Insecti- 
vora^  (Cheiroptera,  and  Bmttu  The 
RoDENTiA  are  characterised  by 
two  large  and  long  curved  incisors 
in  each  jaw,  fig.  153/t,  separated  by 
a  wide  interval  from  the  molais; 
and  these  teeth  are  so  constructed,  and  the  jaw  is  so  articulated, 
as  to  serve  in  the  reduction  of  the  food  to  small  particles  by 


SIrallofaRodent  {Jerboa). 
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incromyi  Volucella. 


acta  of  rapid  and  continued  gnawing,  whence  the  name  of  the 
order.  The  orbits,  ib.  o,  are  not  separated  from  the  tem- 
poral fossae.      The  testes   pass  periodically  from   the  abdomen 
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into  a  temporary  scrotum^  and  are  associated  with  prostatic  and 
vesicular  glands.     The  placenta  is  commonly  discoid,  but  is  some- 
times a  circular  mass  (Cavy),  or  flattened  and  divided  into  three 
or  more  lobes  (Lepus).     The  Beaver  and  Capybara  are  now  the 
giants  of  the  order,  which  chiefly  consists  of  small,  numerous, 
prolific  and  diversified  unguiculate  genera,  subsisting  wholly  or 
in  part  on  vegetable  food  J     Certain  squirrels   achieve   short 
flights  by  means  of  expansions  of  skin  between  the  fore  and  hind 
limbs,  fig.  154.     Some  Lemmings  perform  remarkable  migrations, 
the  impulse  to  which,  unchecked  by  dangers  or  any  surmountable 
obstacles,  seems  to  be  mechanical.     Many  Rodents  build  very 
artificial  nests,  and  a  few  manifest  their  constructive  instinct  in 
association.      In  these  inferior  psychical  manifestations  we  are 
reminded   of  Birds.     Many 
Rodents  hibernate  like  Rep- 
tiles.    They  are  distributed 
over  all  continents.      They 
have  not  been  found  in  older 
deposits  than  eocene  tertiary. 
The   transition    from   the 
Marsupials   to  the   Rodents 
is   made  by  the   Wombats; 
and  the  transition  from  the 
Marsupials  is   made,  by  an 
equally    easy  step,    through 
the  smaller  Opossums  to  the 
Insectivora.     This  term  is 
given  to  the  order  of  small 
smooth-brained  Mammals,  the 
molar    teeth    of   which   are 
bristled  with  cusps,  fig.  150, 
Tfiy  p,  and  are  associated  with 
canines  and  incisors :  they  are 
unguiculate,  plantigrade,  and 
pentadactyle,  and  they  have  complete  clavicles.     The  testes  pass 
periodically  from  the  abdomen  into  a  temporary  scrotum,  and  are 
associated  with  large  prostatic  and  vesicular  glands :  like  most 
other  Lissencephala,  the  Insectivora  have  a  discoid  or  cup-shaped 
placenta.     Their  place  and  office  in  South  America  and  Australia 
are  fulfilled  by  Marsupialia ;  but  true  Insectivora  exist  in  all  the 
other  continents. 


Dentition  of  a  Sbrew  iSorex).   Magnified. 
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The  order  Cheiroptera,  with  the  exception  of  the  modifica- 
tion of  their  digits  for  supporting  the  wide  webs  tliat  fierve  as 
wings,  fig.  156,  repeat  the  chief  characters  of  the  Insectivora ;  but 
a  few  of  the  larger  species  are  frugivorous  and  have  oorreBponding 
modifications  of  the  teeth  and  stomach.  The  mammae  are  pectond 
in  position,  and  the  penis  is  pendulous,  in  all  Cheiroptera. 

The  most  remarkable  examples  of  periodically  torpid  Mam- 
mals are  to  be  found  in  the  terrestrial  and  volant  Insectivonu 
The  frugivorous  Bats  differ  much  in  dentition  from  the  true 
Cheiroptera,  and  would  seem  to  conduct,  through  the  Colugos 
or  Flying  Lemurs,  directly  to  the  Qufdrumanous  order,     llie 

156 


Skeleton  of  a  Bat  iPteropua). 


Cheiroptera  are  cosmopolitan.      They  have  not  been  found  in 
older  deposits  than  eocene  tertiary. 

The  order  Bruta  {Edentata  of  Cuvier)  includes  two  genera 
which  are  devoid  of  teeth,  figs.  157  and  158  ;  the  rest  possess  those 
organs,  which,  however,  have  no  true  enamel,  are  never  displaced  by 
a  second  series,  and  are  very  rarely  implanted  in  the  premaxiliary 
bones.  All  the  species  have  very  long  and  strong  claw^.  The 
ischium  as  well  as  the  iliiun  unites  with  the  sacrum ;  the  orbit  is 
not  divided  from  the  temporal  fossa.  Besides  the  illustration  of 
affinity  to  the  oviparous  Vertebrata  which  the  Three-toed  Sloths 
afford  by  the  supernumerary  cervical  vertebrae  supporting  false 
ribs  and  by  the  convolution  of  the  windpipe  in  the  thorax,  it  may 
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be  remarked  that  the  unusual  number — three  and  twenty  pairs — 
of  ribs,  forming  a  very  long  dorsal,  with  a  short  lumbar,  region  of 
the  spine  in  the  Two-toed  Sloth,  recalls  a  lacertine  structure. 
The  same  tendency  to  an  inferior  type  is  shown  by  the  abdominal 


157 


Skull  of  Anteiiter   iMifrvMCopkaga). 

testes,  the  single  cloacal  outlet,  the  low  cerebral  developement  in 
all  Bruta,  by  the  bony  scutes  of  the  Armadillos  and  the  homy 
scales  of  the  Pangolins,  fig.  158 ;  by  the  absence  of  medullary 
canals  in  the  long  bones  in  the  Sloths,  and  by  the  great  tenacity 
of  life  and  long-enduring  irritability  of  the  muscular  fibre,  in  both 
the  Sloths  and  Anteaters. 

The  order  Bruta  is  but  scantily  represented  at  the  present 
period.  One  genus,  Manis  or  Pangolin,  is  common  to  Asia  and 
Africa ;  the  Orycteropus  is  peculiar  to  South  Africa ;  the  rest  of 
the  order,  consisting  of  the  genera  Myrmecophagay  or  true  Ant- 
eaters,  Dasypus  or  Armadillos,  and  Bradypus  or  Sloths,  are  con- 
fined to  South  America.  The  earliest  known  fossil  of  this  order 
is  of  miocene  age.' 
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'^mmm^^^ 


^f^mt^sf^ 


Skeleton  of  Scaly  Anteater   {ManU).    Lxxiii'. 

In  proceeding  to  consider  the  subdivisions  of  the  Gyrencephala, 
we  seem  at  first  to  descend  in  the  scale  in  meeting  with  a  group 
of  animals  in  that  subclass,  having  the  shape  and  life  of  Fishes ; 
but  a  high  grade  of  mammalian  organisation  is  masked  beneath 
this  form.      Hie  Gyrencephala  are  primarily  subdivided,  accord- 

>  ou.  t  T.  pt.  1,  p.  193. 
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Skeleton  of  Rlgbt  Whale  {Battena  fnygticdut). 

LXV. 


ing  to  modifications  of  the  loco- 
motive organs^  into  three  series ; 
viz.  Mutilata,  Uhffulata,  and  Un- 
ffuiculata^  the  maimed^  the  hoofed, 
and  the  clawed  series ;  and  these 
are  of  higher  value  than  the  or- 
dinal divisions  of  the  Lissence- 
phala;  just  as  those  orders  are  of 
higher  value  than  the  representa- 
tive families  of  the  Marsupials. 

The  Mutilatay  or  maimed 
Mammals  with  folded  brain,  are 
so  called  because  their  hind-limbs 
seem,  as  it  were,  to  have  been 
amputated,  fig.  159, 66 ;  they  pos- 
sess only  the  pectoral  pair  of 
limbs,  and  these  in  the  form  of 
fins,  ib.  64 :  the  hind  end  of  the 
trunk  expands  into  a  broad,  hori- 
zontally flattened,  tegumentarv 
caudal  fin.  They  have  large 
brains  with  many  and  deep  con- 
volutions, are  naked,  and  have 
neither  neck,  scrotum,  nor  ex- 
ternal ears.  Like  the  wingless 
group  among  Birds,  the  present 
includes  species  allied  to,  or  de- 
rived from,  different  types. 

The  first  order,  called  Ceta- 
CEA,  in  this  division  are  either 
edentulous,  fig.  159,  or  monophy- 
odont:  thelatter  have  teeth  of  one 
kind  and  usually  of  conical  shape : 
the  pectoral  digits,  ib.  iii.,  may 
have  more  than  three  phalanges. 
They  are  testiconda  and  have  no 
*  vesiculae  seminales.'  The  mun- 
mas  are  pudendal ;  the  placenta 
is  diffused ;  the  external  nostrils 
— single  or  double — are  on  the 
top  of  the  head,  and  called  spi- 
racles or  ^  blow-holes.'  They,  for 
the  most  part,  range  the  ocean ; 
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though  willi  certain  geographical  limits  as  respects  species.  They 
feed  on  fishes  or  marine  ammals.  Some  undoubted  Cetacean 
fossils  are  of  eocene  age :  and  there  are  indications  of  the  order 
in  the  upper  oolitic  period.* 


Dentition  of  Dngong  (HoNeor*).   y. 

The  second  Mutilate  order,  called  Sirenia,  have  teeth  of  differ- 
ent kinds,  incisors,  i,  fig.  160,  which  are  preceded  by  milk-teeth, 
d  iy  and  molars,  m,  with  fiattened  or 
ridged  crowns,  adapted  for  vegetable 
food.  No  digit  has  phalanges  in 
excess  of  the  mammalian  number, 
three.  The  nostrils  are  two,  situated 
at  the  upper  part  of  the  snout ;  the 
lips  are  beset  with  stiff  bristles ;  the 
mamma;  are  pectoral ;  the  testes  are 
abdominal,  but  are  associated  with 
vesiculae  seminales.  The  Sirenia 
exist  near  coasts  or  ascend  large 
rivers;  browsing  on  fuci,  water 
plants,  or  the  grass  of  the  shore.  The  oldest  known  Sirenian  is 
of  miocene  age.  There  is  much  in  the  organisation  of  this  order 
that  indicates  its  affinity  to  members  of  the  succeeding  division. 

In  the  Ungulata  the  four  limbs  are  present,  but  that  portion  of 
the  toe  which  touches  the  ground  is  incased  in  a  hoof,  figs.  162 
and  163,  which  blunts  its  sensibility  and  deprives  the  foot  of 
prehensile  power.      With  the  limbs    restricted  to  support   and 


Molars  of  lower  Jaw,  African  Elephant. 


*  XVlll',  pp.  XV.  520. 
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locomotion^  the  Ungulata  have  no  clavicles ;  the  £ore-4eg  is  prone  : 
the  molar  teeth  are  massive^  with  inflected  folds  of  enamel:  thej 
feed  on  vegetables. 

A  remarkable  order,  most  of  the  members  of  niuch  have  passed 
away,  is  characterised  by  two  incisors  in  the  form  of  long  tusks; 
in  one  genus  {Dinotherium)  projecting  from  the  under  jaw,  in 
another  genus  {Elephcui)  from  the  upper  jaw,  fig.  162,  t,  and 
in  some  of  the  species  of  a  third  genus  (Mtzstodan)  from  bodi 
jaws.     There  are  no  canines;    the  molars  are  few^   Iturge^  and 

162 


Skeleton  of  Elephant  {Klephas  Indicus) 


transversely  ridged,  fig.  161,  the  ridges  sometimes  few,  some* 
times  mammillate,  often  numerous  and  with  every  intermediate 
gradation.  The  nose  is  prolonged  into  a  cylindrical  trunk, 
flexible  in  all  directions,  highly  sensitive,  and  terminated  by  a 
prehensile  appendage  like  a  finger,  fig.  162,  n :  on  this  organ  is 
founded  the  name  Proboscidia  given  to  the  order.  The  feet 
are  pentadactylo,  but  the  digits  are  outwardly  indicated  only  by 
divisions  of  the  hoof;  the  testes  are  abdominal ;  the  placenta  is 
annular ;  *  the  maninue  are  pectoral. 

*  Besides  the  annulnr  ptflccnifi  there  is  n  Fubcirculnr  rillous  patch  at  each  pol«  of 
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Perissodactyle  hoofed  limb 
Hind  leg,  Rhinoceros. 


The  present  order  rests  with  the  Ungulata  mainlj  upon  its 
hoofs :  the  dentition  and  some  other  particulars  of  the  organisa^ 
tion  of  the  Elephant,  indicate  an  affinity  to  the  Rodentia :  the 
abdominal  testes,  the  two  precavals  and  exposed  cerebellimiy  are 
characters  of  the  inferior  subclasses :  but  the  cerebrum,  concomi- 
tantly with  the  bulk  of  the  mammal,  is  large  and  well  convoluted, 
and  the  psychical  qualities  correspond.  The 
earliest  known  evidences  of  Proboscidian  Un- 
gulates are  from  miocene  strata. 

The  typical  Ungulate  quadrupeds  are  di- 
vided, according  to  the  odd  or  even  number  of 
the  toes,  into  Perissodactyla  and  Artio- 
DACTYLA.*  In  the  former  the  hoofs  may  be 
one  (Horse)  or  three  {Rhinoceros^  fig.  163): 
in  the  latter  the  hoofs  may  be  two  (Giraffe), 
or  four  {Hippopotamus)^  or  two  functional  and 
two  rudimental  (most  Ruminants,  fig.  164). 

In  the  Perissodactyle  Ungulata — odd-toed 
in  regard  to  the  hind-foot  in  all,  and  with  the 
fore-foot  unsymmetrically  tetradactyle  in  the  Tapir — the  dorso- 
lumbar  vertebrae,  fig.  165,  c,  D,  differ  in  number  in  different  species, 
but  are  never  fewer  than  twenty-two;  the  femur  has  a  third 
trochanter,  ib.  65 ;  and  the  medullary  artery 
penetrates  the  back-part  of  its  shaft.  The 
fore-part  of  the  astragalus  is  divided  into  two 
very  unequal  facets.  The  os  magnum  and  the 
digitus  medius  which  it  supports  are  large,  in 
some  disproportionately  so,  and  the  digit  is 
symmetrical:  the  same  applies  to  the  ectocu- 
neiform  and  the  digit  which  it  supports  in  the 
hind-foot.  If  the  species  be  homed,  the  horn 
is  single :  or,  if  there  be  two,  they  are  placed 
on  the  median  line  of  the  head,  one  behind  the 
other,  each  being  thus  an  odd  horn.  The  nasals 
expand  posteriorly.^  There  is  a  well-developed  post-tympanic  pro- 
cess which  is  separated  by  the  true  mastoid  from  the  paroccipital 
in  the  Horse,  but  unites  with  the  lower  part  of  the  paroccipital 
in  the  Tapir,  and  seems  to  take  the  place  of  the  mastoid  in  the 
Rhinoceros  and  Hyrax.      The  hinder  half,  or  a  larger  proportion 


Artlodactyle  hoofed  limb : 
Hind  leg,  Antelope. 


tlio  chorionic  bag,  bj  which  it  (leriTcd  additional  attachment  to  the  atems,  in  the 
Elephant.    LXiir.  p.  347,  pi.  xvi. 

*  From  v9piff<r<MKrv\os,  qui   digitos  habct   impares  numero ;  and   iprioj,  par, 
idtervXos,  digitoa.  «  lxxi.  p.  398. 
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of  the  palatines  enters  into  the  formation  of  the  posterior  nares^  the 
oblique  aperture  of  which  commences  in  advance  either  of  the  last 
molar^  or,  as  in  most,  of  the  penultimate  one.  The  pterygoid 
process  has  a  broad  and  thick  base,  and  is  perforated  lengthwise 
by  the  ectocarotid.  The  crown  of  from  one  to  three  of  the  hindar 
premolars  is  as  complex  as  those  of  the  molars  :  ^  that  of  the  last 
lower  milk-molar  is  commonly  bilobed.     To  these  osteologicaland 


165 


dental  characters  may  be  added  some  important  taodifi cations  d 
internal  structure,  as^  o.g,,  the  simple  form  of  the  stomach  and  tie 
cajmcious  and  sacculated  ca^eum^  which  equally  ei^nce  the  muttiil 
affinities  of  the  Periesodaetyle  hoofed  quadrupeds,  and  their  claiiM 
to  be  regarded  ae  a  natural  group  of  the  Ungulata^  The  placet! 
is  replaced  by  a  diffused  vascular  yillosity  of  the  chorion  in  aU  tlie 
recent  genera  of  this  order^  excepting  the  little  Tit/rax,  in  whid 
there  is  a  localised  anmilar  ]>lacentaj  \rith  decidua,  as  in  tie 
Elephant  But  the  diffiised  placenta  occurs  in  some  genera  of 
the  next  group j  showing  the  inapplicability  of  that  character  to 
exact  clossifi cation.  The  oldest  known  Perissodactyles  are  from 
the  lowest  tertiarj^  strata.  Many  extinct  genera^  e*g,  Uoiypkod^ 
I^iioloph us,  Loph iodo n ,  ^Tap irnthmv m^  Pa It^atk eriv m^Anc ith enum^ 
lilpparwji,  At'ETotheriumy  I*llasmotherium^  &c*,  have  been  die- 
covered,  which  once  linked  together  the  now  broken  series  d 

*  Some  earl  J  teitinrj  cxttnci  forma  (Plidophus,  Cor^thodm^  Lcphiodon)  o0k«i 
cxcepltoDs  to  this  rule. 


V 


MAMMALIAN  OBDBBS. 


285 


Perissodactyles,  represented  by  the  existing  genera  Rhinoceros^ 
Hyrax^  Tapirus^  and  JEquus. 

In  the  even-toed  or  *  artiodactyle '  Ungulates,  the  dorso-lumbar 
vertebras  are  the  same  in  number,  as  a  general  rule,  in  all  the 
species,  being  nineteen,  fig.  166,  d,  /.  The  vertebral  formulas  of 
the  Artiodactyle  skeletons  show  that  the  difference  in  the  number 
of  the  so-called  dorsal  and  lumbar  vertebrae  does  not  affect  the 

166 


ArttiMbtctylc  skeloton  (CerriM  Megaeeros).    xviir. 

number  of  the  entire  dorso-lumbar  series :  thus,  the  Indian  Wild 
Boar  has  d.  13,  /.  6  =  19;  the  Domestic  Hog  and  the  Peccari 
have  d.  14,  /.  5=sl9  ;  the  Hippopotamus  has  d.  15,  /.  4  =  19  ;  the 
Gnu  and  Aurochs  have  d.  14,  /,  5=  19  ;  the  Ox  and  most  of  the 
true  Ruminants  have  d.  13,  /.  6  =  19;  the  aberrant  Ruminants 
have  A  12,  /.  7  =  19.  The  natural  character  and  aflSinities  of  the 
Artiodactyle  group  are  further  illustrated  by  the  absence  of  the 
third  trochanter  in  the  femur,  ib.  65,  and  by  the  place  of  perfora- 
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tion  of  the  medullary  artery  at  the  fore  and  upper  part  of  the 
shafts  as  in  the  Hippopotamus^  the  Hog,  and  most  of  the  Bumi- 
nants.  The  fore  part  of  the  astragalus  is  divided  into  two 
equal  or  sub-equal  facets :  the  os  magnum  does  not  exceed,  or 
is  less  than  the  unciforme,  in  the  carpus;  and  the  ectocunei- 
form  is  less,  or  not  larger,  than  the  cuboid,  in  the  tarsus.  The 
digit  answering  to  the  third  in  the  pentadactyle  foot  is  unsymme- 
trical,  and  forms,  with  that  answering  to  the  fourth,  a  synometrical 
pair.  If  the  species  be  homed,  the  horns  form  one  pair  or  two 
pairs ;  they  are  never  developed  singly,  of  synmietrical  form,  from 
the  median  line.  The  post-tympanic  does  not  project  downward 
distinctly  from  the  mastoid,  nor  supersede  it,  in  any  Artiodactyle; 
and  the  paroccipital  always  exceeds  both  those  processes  in  lengtL 
The  bony  palate  extends  further  back  than  in  the  Perissodactyles ;' 
the  hinder  aperture  of  the  nasal  passages  is  more  vertical  and 
conmiences  posterior  to  the  last  molar  tooth.  The  base  of  the 
pterygoid  process  is  not  perforated  by  the  ectocarotid  artery. 
The  crowns  of  the  premolars  are  smaller  and  less  complex  than 
those  of  the  true  molars,  usually  representing  half  of  such  crown. 
The  last  milk-molar  is  trilobed. 

To  these  osteological  and  dental  characters  may  be  added  some 
modifications  of  internal  structure,  as,  e.g.,  the  complex  form  d 
the  stomach  in  the  Hippopotamus,  Peccari,  and  Kuminants;  the 
comparatively  small  and  simple  caecum  and  the  spirally  folded 
colon  in  all  Artiodactyles.  The  placenta  is  diffused  in  the 
Camel-tribe,  Chevrotains,^  and  Non-rmninants ;  is  cotyledonal  in 
the  true  Ruminants.  The  oldest  known  Artiodactyles  were  non- 
ruminants,  and  from  eocene  beds.  Many  of  the  extinct  genen^ 
e.  g.  Chosropotamusy  Anthracotherium,  Hi/opotamus,  JSntelodon^ 
Dichodon,  Merycopotamusy  Xiphodoriy  Dichobune^  Anoplotherium, 
Microtherium,  &c.,  linked  together  the  now  broken  series  of 
Artiodactyles,  represented  by  the  existing  genera.  Hippopotamus, 
SuSy  Dicotylesy  Camelusy  Aucheniay  Moschus,  Camelopardalu, 
CervuSy  Antelope,  Ovisy  and  Bos. 

A  well-marked,  and  at  the  present  day  very  extensive  subor- 
dinate group  of  the  Artiodactyles,  is  called  Buminantia,  in  refer- 
ence to  the  second  mastication  to  which  the  food  is  subject  after 
having  been  swallowed ;  the  act  of  rumination  requiring  a  pecu- 
liarly complicated  form  of  stomach.  The  Ruminants  have  ihe 
*  cloven  foot,'  ie.  two  hoofed  digits  on  each  foot  forming  a  syitt- 
metrical  pair,  as  by  the  cleavage  of  a  single  hoof;  in  most  species 
two  small  supplementary  hoofed  toes   are  added,  fig.    166^  sp. 

'  LXXI*.  p.  399.  '  CCXXXYI*.  Yol.  11.  p.  135;  ftnd  Ucxn*. 
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The  metacarpab  of  the  two  functional  toes  coalesce  to  form  a  single 
^  cannon-bone/  fig.  166,  57,  as  do  the  corresponding  metatarsals, 
ib.  69.  The  Camel-tribe  have 
the  upper  incisors  reduced  to  a 
single  pair ;  in  the  rest  of  the 
Buminants  the  upper  incisors 
are  replaced  by  a  callous  pad, 
figs.  167,  168.  The  lower  ca- 
nines, fig.  168,  c,  are  contiguous, 
and,  save  in  the  Camel-tribe, 
similar,  to  the  six  lower  inci- 
sors, forming  part  of  the  same 
terminal  series  of  eight  teeth, 
between  which  and  the  molar  series  there  is  a  wide  interval.  The 
true  molars  have  their  grinding  surface  marked  by  two  doul)le 
crescents,  the  convexity  of  which  is  turned  inward  in  the  upper, 
fig.  168,  *,  and  outward  in  the  under  jaw,  fig.  169,  *. 


Raminant  iknll,  Glnffo. 


168 


169 


Rumlnaut  dentition,  Sheep. 

Many  fossil  Artiodactyles,  with  similar  molars  {Dichodon, 
Microtheriuniy  &c.),  appear  to  have  differed  from  the  existing 
Ruminants  chiefly  by  retaining  structures  which  in  them  are 
transitory  and  embryonic,  as,  e.g.,  upper  incisors  and  canines, 
first  premolars,  and  separate  metacarpal  and  metatarsal  bones; 
these  are  among  the  lost  links  tiiat  ouce  connected  more  intimately 
the  Ruminants  with  the  Hog  and  Hippopotamus. 

The  third  division  of  the  Gyrencephala  enjoy  a  higher  degree 
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of  the  sense  of  touch  through  the  greater  number  and  mobilitr 
of  the  digits,  and  the  smaller  extent  to  which  they  are  covered 
by  homy  matter.  This  substance  forms  a-  single  plate,  in  the 
shape  of  a  claw  or  nail,  which  is  applied  chiefly  to  one  of  the 
surfaces  of  the  extremity  of  the  digit,  leaving  the  other,  usually 
the  lower,  surface  possessed  of  its  tactile  faculty,  fig.  170;  whence 
the  name  Unguiculata^  which,  in  the  present  classification,  is  re- 
stricted to  this  group.  All  the  species  are  *  diphyodont/  and  the 
teeth  have  a  simple  investment  of  enameL 


170 


171 


UngQlcalate  limb,  Lion. 


OurnlToroiifl  dentition.  Bear. 


The  first  order,  Cabnivora,  includes  the  beasts  of  prcy^  pro- 
perly so  called.  With  the  exception  of  a  few  Seals,  the  indscHB, 
fig.  171,  I,  are  ^  in  number;  the  canines,  iK  c,  j=i,  alwajs 
longer  than  the  other  teeth,  and  usually  exhibiting  a  full  and 
perfect  developement  as  lethal  weapons ;  the  molars,  ib.  /»,  w^ 
graduate  from  a  trenchant  to  a  tuberculate  form,  in  proportioD  u 


172 


173 


Plnnigrmde  foot :  Hind  Ilmbi.  8oal. 


Bones  of  do. 


the  diet  deviates  from  one  strictly  of  flesh  to  one  of  a  more  mis- 
cellaneous kind.  The  clavicle  is  rudimental  or  absent ;  the  inner- 
most digit  is  often  stunted  or  absent;  there  are  no  vesicube 
seminales ;  the  teats  are  abdominal ;  the  placenta  is  zonular.  The 
Camivora  are  divided,  according  to  modifications  of  the  limbe, 
into  ' pinnigrades,'  'plantigrades,'  and  ' digitigrades.'      In  the 
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Pinnigrades  (Walrus,  Seal-tribe)  both  fore  and  hind  feet  are  short, 
and  expanded  into  broad,  webb^  paddles  for  swimming,  fig.  173, 
the  hinder  ones  being  fettered  by  continuation  of  integument  to 
the  tail,  fig,  172.  In  the  Plantigrades  (Bean-tribe)  the  whole  or 
nearly  the  whole  of  the  hind  foot,  fig.  174,  forms  a  sole,  and  rests 


174 


Plantlgnule  foot,  hind  Umb,  Bear. 

on  the  ground.  In  the  Digitigrades  (Cat-tribe,  Dog-tribe,  &c.)  only 
the  toes  touch  the  ground,  the  heel,  c/,  being  much  raised,  fig.  175. 

It  has  been  usual  to  place  the 
Plantigrades  at  the  head  of  the 
Camivora,  apparently  because 
the  higher  order,  Quadrumana,  is 
plantigrade ;  but  the  affinities  of 
the  Bear,  as  evidenced  by  inter- 
nal structure,  e.  g.  the  renal  and 
genital  organs,  are  closer  to  the 
Seal-tribe ;  the  broader  and  flat- 
ter pentadactyle  foot  of  the  planti- 
grade is  nearer  in  form  to  the 
flipper  of  the  Seal  than  is  the 
more  perfect  digitigrade,  retrac- 
tile-clawed, long  and  narrow  hind 
foot  of  the  feline  quadruped, 
which  is  the  highest  and  most 
typical  of  the  Camivora.  The 
oldest  known  species  of  the  order 
are  of  eocene  tertiary  date. 

The  next  perfection  which  is 
superinduced  upon  the  unguiculate  limb  is  such  a  modification 

VOL.    II.  u 


Dlgltlgmde  foot»  hind  limb.  Lion. 
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CHAPTER  XXVI. 

OSSEOUS   SYSTEM    OF  MAMMALIA. 

§  175.  General  Characters  of  the  Skeleton. — The  osseous  tissue 
and  the  bone-cells  characteristic  of  it  in  the  higher  members  of  the 
Mammalian  class  are  shown  in  Vol.  I.  p.  23,  figs.  14,  15.  In  the 
Lyencephala  (  Ornithorhynchus^  Echidna^  Kangaroo,  Rat,  Beaver, 
Sloth,  Hedgehog,  Mole),*  the  Haversian  canals  resemble  those  of 
Birds  in  their  smaller  relative  size,  as  do  the  bone-^Us  in  the 
number  and  peculiar  branchings  of  their  canaliculi,  compared 
with  higher  Mammalia;  in  these  the  radiated  disposition  of  the 
canaliculi,  concomitantly  with  the  shorter  and  wider  form  of  the 
cells,  becomes  more  marked,  as  shown  in  fig.  14,  Vol.  I.  In 
the  larger  Cetacea  the  bone-cells  have  a  larger  size  and  less 
regular  shape,  and  send  off  long  branching  canaliculi.*  The 
osseous  tissue  in  Mammals  is  less  dense  and  compact  than  in 
Birds :  the  long  bones  have  medullary  cavities,  as  a  rule,  re- 
latively larger  than  in  Reptilia,  smaller  and  with  thicker  walls 
than  the  homologous  pneumatic  cavities  in  Birds.  In  the  Cetacea 
and  the  Sloths,  recent  and  extinct,  the  long,  like  the  other,  bones 
are  solid,  the  central  tissue  being  cancellous :  in  the  Sirenia  the 
bone  of  the  thick  ribs  is  dense  and  compact  throughout:  the 
hardest  bone  in  the  present  class  is  that  which  is  accordingly 
termed  'petrosal,'  especially  in  the  Whale-tribe,  in  which  its 
specific  gravity  reaches  2*433,  that  of  ivory  being  1'744. 

The  proportion  of  the  Mammalian  skeleton  which  is  pneumatic 
is  noticed  in  Vol.  I.  p.  25.  The  vertebral  bodies  and  the  limb- 
bones  have  the  articular  surfaces,  in  the  gromng  state,  supported 
on  distinct  plates,  called  *  epiphyses,'  which  usually  coalesce  with 
the  rest  of  the  bone,  at  maturity.  Examples  of  the  exoskeleton 
are  seen  in  the  Armadillos  and  their  huge  extinct  congeners  the 
Glyptodons:  small  detached  bony  nodules  were  also  developed 
in  parts  of  the  thick  tegument  of  the  Megatherioids.'  The 
lacrymal  is  properly  a  mucous  scale-bone.    The  bone  of  the  heart 

'  ocxciii.  pis.  XI.  and  xil  '  lb.  p.  151.  *  Burmcister,  MS, 
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KUunmalUn  tn>e 

Tertebn,  from  the 

thorax. 


in  large  Ruminants  is  referable  to  the  *  splanchnoskeleton ; '  the 
ossified  tendons  in  some  small  Musk-Deer  to  the 
*  scleroskeleton.' 

In  the  Mammalian  class  the  centrum^  figs.  141, 
184,  c,  coalesces  with  the  neural  arch,  ib.  », 
throughout  the  vertebrae  of  the  trunk.  In  the 
seven  anterior  vertebrae,  fig.  185,  i— r,  the  pleur- 
apophyses  are  short  and  commonly  coalesce  with 
the  centrum  and  diapophysis,  circumscribing  the 
lateral  foramina  for  the  *  vertebral '  arteries.  In 
the  Monotremes  they  retain,  as  in  Reptiles,  their 
individuality,  fig.  186,  a.  In  Cetacea  the  inter- 
space between  the  cervical  par-  and  di-apophyses 
is  not  always  closed  by  bone.  Occasionally  the  pleurapophyses 
jg^  of  the  seventh,  fig.   185,  a, 

by  and,  more  rarely,  also  of 
the  sixth,  a,  vertebrae,  ma,ni- 
fest  their  rib-like  nature  by 
increase  of  length,  and  firee- 
dom  of  articulation,  even  m 
Man;  but  these  segments 
are  not  completed  by  the 
haemapophyses  and  haemal 
spine.  This  resumption  d 
type  takes  place  in  the  eighth 
vertebra,  ib.  c,  d\  and  the 
dorsal  series  of  vertebrae  here 
begins,  as  a  rule^  in  Mam- 
mals. The  most  marked  ex- 
ception occurs  in  the  Ai 
{Bradypus  iridactylus) ;  and 
if  the  vertebra,  fig.  185,  b,  s,  9,  supporting  the  pleurapophyses, 

a,  by  be  regarded  as  homologous 
with  the  first  two  dorsals  in  other 
Mammals,  the  exception  is  so  far 
saved :  but  the  presence  of  short 
pleurapophyses  in  all  the  cer- 
vical vertebrae  and  their  occa- 
sional developement  in  the  last 
two,  as  in  fig.  185,  A,  support  the 
recognition  of  the  tenth  verte* 
bra  in  the  Three-toed  Sloth^  ib.  B, 
10,  Cy  dy  as  the  first  dorsaL      The 

cervical  rertebre.  OrnlthorhynchM.  plcurapOphySCS  of  the  dorsal  VCT* 


Oenrlcal  vertobm.  a  Man,  b  Slotb. 
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tebree,  figs.  184,  and  186>  pi,  are  subject  to  slight  displacement, 
and  tiieir  articulations,  like  those  of  the  neurapophyses  in  the 
Bird's  sacrum,  extend  over  the  interspace  between  their  own  and 
a  contiguous  centrum.  The  ha^mapophjses,  ib.  A,  are  rarely 
ossified :  the  exceptions  occur  in  the  lowest  subclasses  (Duck- 
Mole,  Armadillo,  Sloth) :  in  the  Monotremes  a  portion  of  cartilage 
intervenes  between  the  pleur-  and  haem- 
apophy  ses.  Some  of  the  posterior  hasmapo- 
physes  have  no  haemal  spine,  but  terminate 
freely,  fig.  187,  7,  or  in  connection  with 
each  other.  The  segments  typically  com- 
pleted, as  in  fig.  184,  are  called  *  vertebrae 
with  true  ribs,'  those  notso  completed  *  ver- 
tebrae with  false  ribs,'  in  Anthropotomy. 
The  haemal  spine  of  each  thoracic  seg- 
ment is  separately  developed.  They 
commonly  remain  distinct,  fig.  187,  9,  9, 
forming  a  chain  of  ossicles,  answering  in 
number  to  those  anterior  dorsal  segments 
which  they  complete :  they  coalesce  with 
each  other  in  some  Mammals,  and  form 
collectively  the  *  sternum.'  Only  in  Mono- 
tremes is  there  an  epistemiun,  figs.  186, 
i,  c,  187,  9,  t,  or  haemal  spine  of  a  cervical 
^(j^ .  {jyy  B^ment,  to  which  the  clavicles  articulate. 
I  A  '  \  )  As  the  dorsal  vertebrae  recede  in  position 
^  the  pleurapophyses  become  shorter,  return 

"^*uiS.*tii!SiJi!°***"  ^  ^^^^  proper  segment,  and  usually  be- 
come appended  to  its  diapophysis.  When 
it  becomes  confluent  therewith,  or  replaces  that  process,  the 
'  dorsal '  series  ends  and  the  ^  lumbar '  one, 
figs.  166,/,  183, 1-6,  begins.  These  vertebrae 
are  commonly  more  numerous  in  Mammals 
than  in  Reptiles.  Their  haemapophyses — 
the  abdominal  ribs  of  Reptiles — are  re- 
presented by  the  *  intersectiones  tendineae 
musculi  recti,'  &c.,  the  lowest  pair  are  par- 
tially ossified  as  *  marsupial  bones,'  fig.  187, 
6,  in  Lyencephala.  In  the  Mutilata  the 
*  sacrum '  is  defined  by  the  reappearance  of 
the  ossified  haemapophyses,  fig.  159,63,  of 
a  segment  at  the  end  of  the  trunk.  In 
Cetacea  it  is  suspended  beneath  its  segment,  as  in  Fishes,  and 
may  support  some  rudiment  of  a  pelvic  or  ventral  fin,  ib.  65,  66. 
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In  Sirenia,  the  hacmapophyses,  fig.  188,  A,  8,  are  connected  bv 
pleurapophyses,  ib.  /?/,  2,  completing  the  haemal  arch  with  the  dia- 
pophyses  d,  i ;  and  the  Batrachian  condition  of  pelvis  (VoL  I.  p.  48, 
p.  163,  fig.  101,  d)  is  resumed.  In  the  rest  of  the  class  two  or 
more  segments  following  the  lumbar  series  become,  like  those 
in  the  head,  the  seat  of  modifications  by  anchylocds  of  the  cen- 
trums, flattening  and  broadening  with  an  expanse  of  the  neunl 
canal:  and  with  these  modifications  is  associated  great  develope- 
ment  of  the  haemal  arches  of  two  of  those  segments,  fig.  187. 
4  and  5,  which,  therefore,  have  got  special  names,  as  '  ischiuiiL' 
ib.  4,  and  ^  pubis,'  ib.  5.  These  are,  however,  connected  witl 
their  respective  segments  by  a  concomitant  expanse  of  the  singk 
pleurapophysial  element,  fig.  188,  pi,  which,  so  modifiied,  has  tk 
name  of  ^  ilium,'  and  in  some  Lyencephala  (Sloths,  Megatherioids, 
Armadillos)  resembles  that  bone  in  Birds,  by  the  number  of  saml 
segments  with  which  it  articulates  or  coalesces. 

The  caudal  segments  in  Mammals  are  characterised  by  ik 
abrupt  cessation  of  the  pleurapophysial  developement  forming  tk 
ilium,  by  the  retention  of  the  riblet,  or  beginning  of  the  plean- 
pophysis,  anchylosed,  as  a  diapophysis,  fig.  188,  dy  and  by  the 
approximation  of  the  haemapophyses,  ib.  A,  d,  to  the  under  suifact 
of  the  centrum,  c,  as  at  A,  4,  the  divergent  bases  articulating  tlleI^ 
with,  and  the  apices  converging  to  unite  with,  or  develope,  a  haeiwl 
spine,  ib.  5.  The  wider  pelvic  haemal  canal  encompassed  termiml 
parts  of  the  generative  and  intestinal  canals;  the  narrower  caudbl 
one  has  only  to  defend  the  main  blood-vessels  of  the  tail.  The 
terminal  caudal  vertebrae  are  progressively  reduced  in  size  and 
complexity,  and  vary  greatly  in  number :  anchylosis  is  an  excep- 
tion {Dasypusy  e.g.)  in  this  region. 

§  176.  General  Characters  of  the  Skull. — Pursuing  the  smrey 
of  the  Mammalian  modifications  of  the  Vertebrate  archelype  u 
they  appear  in  the  segments  of  the  skeleton  forming  the  skull, 
with  the  light  of  the  stage  of  developement  manifested  in  in 
inunature  Mammal  when  a  certain  growth  has  proceeded  from  the 
several  points  of  ossification  established  in  the  primordial  mem- 
branous and  cartilaginous  basis,  we  find  that  the  neural  arch  of 
the  occipital  vertebra,  fig.  189,  Ni,  i,  2,  and  3,  agrees  with  that  of 
the  Bird  and  Crocodile  in  the  connation  of  the  diapophysisy  *» 
with  the  neurapophysis,  2 ;  but  the  process,  called  *  parocciiAtal,* 
now  descends  from  the  lower  part  of  the  arch,  and,  in  numj 
Mammals,  is  of  great  length.  An  articular  condyle  is  developed 
from  each  neurapophysis,  2,  which  articulates  with  the  concave 
anterior  zygapophysis  of  the  atlas,  and  is  the  homotype  of  the 
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posterior  zygapophysis  in  the  trunk-vertebrae.  The  centrum,  i, 
18  reduced  to  a  compressed  plate,  and  its  hinder  articular  surface 
is  not  more  developed  than  is  the  front  one  of  the  centrum  of  the 
atlas,  with  which  it  is  connected  by  ligament.     The  expanse  of 


Bide  view  of  cnmliil  vertebns  tnd  appendages,  Hog. 

the  occipital  spine,  3,  has  been  governed  by  the  superior  develope- 
ment  of  the  cerebellum  in  the  Mammalian  class. 

The  haemal  arch  of  the  occipital  vertebra  is  here  represented, 
like  those  of  the  cervical  vertebrae,  by  the  pleurapophysial  elements 
only ;  but  these  are  developed  into  broad  triangular  plates  with 
outstanding  processes :  that  called  '  spine,'  5i,  is  exogenous ;  but 
that  called  '  coracoid '  is  developed  from  an  independent  osseous 
centre,  which  is  a  rudiment  of  the  haemapophysis,  coalesces  with 
the  pleurapophysis,  and,  in  the  present  class,  only  attains  its  nor- 
mal proportions,  completing  the  arch  at  figs.  186,  rf,  187,  2,  with  the 
haemal  spine,  ib.  9,  in  the  Monotremes.  The  diverging  appendage 
(fore-Umb,  53-57)  of  this  arch,  though  retaining  the  general  fea- 
tures of  its  primitive  radiated  form,  has  been  the  seat  of  great  dc- 
velopement  and  much  modification  and  adjustment  of  its  different 
subdivisions  in  relation  to  the  locomotive  office  it  is  now  called 
upon  to  perform. 

With  the  exception  of  this  excess  of  developement  of  the 
appendage,  the  defective  developement  and  displacement  of  the 
haemal  arch,  and  the  coalescence  of  the  diapophyses  in  the 
neural  arch,  there  are  few  points  of  resemblance  which  are  not 
sufficiently  salient  between  the  segment  represented  by  the  bones, 
Ni,  ] ,  2,  and  3,  in  the  Mammal,  and  that  so  marked  in  the  Fish,  Vol.  I. 
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fig.  81.  And,  if  the  interpretation  of  the  more  normal  or  archetrpil 
condition  of  this  segment  in  the  lower  Vertebrate  iwimml^  £g. 
101,  A,  Vol.  I.,  be  accepted,  so  also  must  be  the  explanation  hat 
given  of  the  nature  of  the  modifications  of  the  special  homcdcgiiei 
of  the  constituents  of  the  occipital  s^ment  by  which  that  arche- 
type is  masked  in  the  MammaL  A  single  nerve  supplies  tlie 
appendage,  53-57,  in  Protopterus;  subsequent  developementof  tint 
appendage  in  higher  forms  presses  more  nenres  from  other  centra 
into  its  service;  these  do  not  originate  the  complex  conditioDS 
calling  for  them.  And  if  the  mmple  limb,  fig.  101^  a^  s»-S7,be 
the  special  homologue  of  the  complex  one,  fig.  189^  53-97,  neither 
the  number  of  nerves,  of  vessels,  or  of  terminal  rays  can  affect 
the  conclusions  deducible  from  fig.  101,  as  to  its  general  nature 
in  relation  to  the  Vertebrate  archetype. 

In  the  second  segment  of  the  skull,  Nn,  the  centrum,  5,  is  km;: 
distinct  from  both  1  and  9;  and  the  hiemal  arch  (hyoid  bone) 
retains  its  natural  connection  with  the  rest  of  the  s^ment,  and 
by  means  of  a  more  complete  developement  of  the  pleurapophyief, 
88,  than  in  any  of  the  inferior  air-breathing  Vertebrates.  In  the 
Hog,  as  in  other  Mammals,  may  be  separated,  without  artifidil 
division  of  any  compound  bone,  the  entire  parietal  segment,  bat 
with  it  is  brought  away  the  petrified  capsule  of  the  acoustic  oigu 
and  the  anchyloscd  distal  piece,  S7,  of  the  maxillary  appendue, 
which  more  or  less  conceals  the  typical  character  of  the  neml 
arch  of  the  parietal  vertebra  in  every  Mammal :  least  so,  however, 
in  the  Monotremes  and  Buminants.  The  neurapophyses,  6,  of  die 
jmriotal  vcrtebno  have  coalesced  ^th  the  centnun,  5,  but  retna 
nuich  of  the  proportions  they  present  in  the  cold-blooded  chusee; 
for  the  mo8cncc])haIic  segment  of  the  brain  is,  in  fact,  but  little 
inon)  developed  in  the  Mammal :  they  are  notched  in  die  preseat 
oxainplo,  but  are  perforated  in  the  Sheep,  by  the  larger  diTiaiott 
of  the  trigeminal,  and  they  send  down  an  exogenous  procev* 
which  articulates  and  sometimes  coalesces  with  the  appendage,  ti, 
of  the  palato-nmxillary  arch,  and  with  the  plenrapophysis,  10,  of 
the  same  arch.  The  neural  spine,  7,  always  developed  from  a 
pair  ofcontroR  in  Mammals,  often  vastly  expanded,  and  somedmef 
oomplioattMl  with  a  thinl,  intercalary  or  interparietal  osseous  piece, 
in  HuhHorvioncy  to  the  large  size  of  the  prosencephalon,  is  ooct- 
Hituially  uplifted  and  removed  from  the  neurapophyses  by  the 
iutrr|M>8od  Rquamous  expansion  of  the  bone,  27;  but  this,  whidi 
rt'UiiiulM  one  of  the  occasional  separation  of  the  neural  arch  from 
tho  centrum  of  the  atlas  in  Fishes,  is  a  rare  modification  in  the 
Mamnialian  class.     The  diapophysis,  s,  always  commences  as  an 
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autogenous  element  by  a  distinct  centre  of  ossification ;  in  most 
Mammals  it  speedily  coalesces  with  tlie  petrosal^  but  not  in  the 
Babyroussa,*  e,g. :  it  usually  coalesces  with  the  squamosal,  27,  as  in 
the  Hog ;  but  retains  its  distinctness  in  the  Echidna;  its  apophysial 
character  is  usually  well-marked,  and  it  is  known  as  the  *  mastoid 
process '  in  Anthropotomy.  In  most  Mammals  the  pleurapophysis, 
38,  retains  its  primitive  independency  and  rib-like  form,  with  usually 
the  *  head '  and  *  tubercle ; '  but  by  reason  of  its  arrested  growth  it 
has  been  called  '  styloid '  bone  or  process.  Sometimes  it  is  sepa- 
rated &om  the  short  hsemapophysis,  40,  by  a  long  ligamentous 
tract,  sometimes  is  immediately  articulated  with  it,  or  by  an  inter- 
vening piece.  The  haemal  spine,  4i,  is  usually  small,  and  always 
single.  The  rudiments  of  hypobranchial  elements,  46,  are  retained 
as  diverging  appendages  of  the  parieto-hsemal  arch  in  all  Mam- 
mals, and  have  received  the  special  names  of  *  posterior  comua,* 
or  *  thyrohyals,'  from  their  subservient  relationship  to  the  larynx. 
In  the  frontal  segment,  Nni,  the  centrum,  9,  and  neurapophy ses,  i  o, 
very  early  coalesce.  Two  separate  osseous  centres  mark  out  the 
body,  and  each  neurapophysis  has  its  distinct  centre,  the  optic  fora- 
mina, 0J9,  being  first  surrounded  by  the  course  of  the  ossification 
from  tliese  points.  The  superior  developement  of  the  neurapophy- 
sial  plates,  lo,  as  compared  with  those  of  the  parietal  vertebra,  6,  in 
most  Mammals,  harmonises  with  the  greater  developement  of  the 
prosencephalon ;  but  the  chief  bulk  of  this  segment  is  protected 
by  the  expanded  spines  of  the  frontal,  ii,  and  parietal,  7,  vertebra;, 
and  the  intercalated  squamosal,  27.  This  appendicular  piece  not 
only  fulfils  some  of  the  functions  of  the  proper  cranial  neurapo- 
phy ses,  but,  likewise,  the  normal  office  of  the  frontal  pleurapophysis, 
28,  in  the  support,  viz.,  of  the  distal  elements  of  the  hsemal 
arch,  29-32,  which  now  articulate  directly  with  27,  in  place  of  28, 
as  in  all  oviparous  Vetebrates.  The  true  pleurapophysis  of  the 
frontal  vertebra,  28,  is  almost  restricted  in  the  Mammalian  class  to 
functions  in  subserviency  to  the  organ  of  hearing ;  is  sometimes, 
as  in  the  Hog,  swollen  into  a  large  bulla  ossea,  like  the  parapo- 
physes  and  pleurapophyses  of  the  cervical  vertebrae  of  Cobitis ;  is 
sometimes  produced  into  a  long  auditory  tube,  and  sometimes 
reduced  to  the  ring  supporting  the  tympanic  membrane.  Yet, 
under  all  these  changes,  since  its  special  homology  is  demonstrable 
with  28  in  the  Bird,  fig.  26,  Turtle,  fig.  91,  Vol.  I.,  and  Crocodile, 
fig.  92,  Vol.  I.,  as  well  as  with  the  teleologically  compound  bone, 
28,  a,  b,  Cy  dy  in  the  Fish,  fig.  81,  Vol.  I.,  so  likewise  must  its  general 

*  ZLiT.  p.  556,  no.  3338,  in  which  the  petroffal  is  instructiTcIy  distinct  from  all  * 
sarroanding  Tertebral  elements  composing  the  otocrane. 


luyan'Mjifsj  be  eqimllj  reetiemsed*  Tbe  fimnfiBl  loeiB^MiiikTss, 
£^  I«^.  2».  aaii  die  «»iT«sp«iiiifiiie  balf  ^  the  bKHud  spatey  HL  3&, 
are  f^^iLnase  on  ^shck  siie  in.  aflL  Maannalah.  Tlie  arch,  as  in  other 
alr-breadiin^  Veriecnses.  haft  no  £vez^iii^  irpmd  igr 

Hke  naiial  aegaun.^  zrir.  is  tAJrfyeumpBirared  bjdfeeconflnence 
of  porta  ot  the  eni:c3UKialj  lie^cbped  oiiairtDCT'  cajpsnles^  is,  and 
Ha  tjykcal  chara^t^r  s§  fixrcher  miwirii  by  die  rnnnBi  nfjim  and 
nmtoal  cr>ale9c<fice  of  the  neuzapopkjsesy  i-c  Tbe  ccntmm  is 
oiiuJIv  moch  eitja^zxiai.  as  ac  ll.  and  aooa  coalesces  with  both 
neorapophjses,  u,  and  wiik  the  nanl  eapsulesy  is.  The  neonl 
Aprne,  is,  ks  biSd.  Tbe  plear^ophjSy  ai,  or  proximl  dement 
fjf  the  fasemal  arch  of  the  im^  Tertehra  has  its  real  dianicter  and 
imyjrt  almost  concealed  by  die  exceesre  deTek>peiiie&t  of  die 
Becf/od  element  of  the  arch,  ±i,  which  resumes  in  Manunab  all 
tfao^  eztenisive  collateral  connectioi»  which  it  presented  in  the 
Crocodile ;  and  to  which  are  soowcime  added  attachments  to  the 
expanded  spine  of  the  frontal  rertcbn,  as  well  as  to  ^^M  of  its 
r^wn  segmerxt.  The  plennpophTsii,  howerer,  besides  its  nonnal 
attachment  to  ita  centrum,  13,  sends  up  a  process  to  the  orbit,  in 
order  U}  effect  a  junction  with  its  neurapc^jsis.  The  Ka^nal 
itpine,  '/Sy  IS  develofied  in  two  moiedes,  which  never  coalesce 
t/^gc^her,  although,  in  the  hi^er  Apes,  and  at  a  verr  early 
[K^rifxJ  in  Man,  each  half  coalesces  with  the  hjemapophTsis,  and 
rcficatii  the  simple  homogeneous  character  of  the  correspondiiig 
clementii  rjf  the  succeeding  Cmandibubr)  arch. 

The  apf>endicular  clement,  24,  which  diverges  from  the  irfeim- 
IKiphyftin,  2i>,  contributes  to  fix  and  strengthen  the  palato-maxillarr 
arch  by  attaching  it  to  the  descending  process  of  the  parietal 
centrum,  6 :  with  which,  in  most  Mammals,  it  ultimately  coalesces. 
The  other  elements  of  the  diverging  member  of  the  arch  corre- 
>4[Kmd  in  number  and  in  the  point  of  their  divergence  with  those 
in  JJirds,  Chelonians,  and  Crocodiles.  They  are  two  in  nnmber, 
Kiici;ceding  each  other,  and  both  become  seats  of  that  expansive 
developemcnt  which  is  followed  by  the  multiplication  of  the  points 
of  connection  ;  thus  the  proximal  piece,  26,  *  malar  bone,*  is  con- 
nected in  the  Hog  not  only  with  the  hsmapophysis,  si,  from 
which  it  divergCH,  but  likewise  with  the  muco-dermal  bone, 
calhjd  *  la<Tynial,'  73.  The  distal  piece  of  the  appendage,  sr, 
expands  as  it  diverges,  and  fixes  the  naso-haemal  arch  not  only  to 
the  frontal  pIeuraiK)j)hy8is,  28,  and  parietal  parapophysis,  8,  but 
iiIho  to  the  frontal,  parietal,  and,  sometimes,  occipital  neurapo- 
])hyfleH  and  spines:  it  also  affords,  in  the  Hog,  as  in  other  Mam- 
mals, an  articular  surface  to  the  frontal  hsemapophysis,  21*. 
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The  Steps  by  which  the  bony  capsule  of  the  otic  organ  is 
finally  differentiated  and  individualised  in  Mamnuds  are  instruc- 
tive examples  of  that  character  of  advance  in  organisation.  The 
ex-  and  par-occipitals  which  contribute  a  partial  bony  support  to 
the  back  part  of  the  gristly  cap- 
sule in  Fishes  and  Reptiles,  and 
coalesce  with  that  fully  ossified 
capsule  in  Birds,  remain  distinct 
from  the  petrosal  in  all  Mammals. 
The  alisphenoid,  which  contri- 
butes a  partial  bony  support  to 
the  fore  part  of  the  gristly  otic 
capsule  in  Hasmatocrya,  and  co- 
alesces with  the  same  part  of  the 
bony  capsule  in  Birds,  has  like- 
wise permanently  liberated  itself 
therefrom  in  Mammals.  The 
mastoid,  which  contributes  a  bony 
support  to  the  outer  part  of  the 
otic  capsule  in  cold-blooded  Ver- 
tebrates, and  is  extensively  con- 
fluent with  the  same  part  of  the 
ossified  capsule  in  Birds,  retains 
such  confluence  in  some  Mam- 
mals, but  instructively  manifests 
its  primitive  independency  in 
others.  In  the  Cetacea,  where 
the  mastoid  and  paroccipital  are 
distinct  from  the  petrosal,  this 
capsule  coalesces  with  the  tym- 
panic, which,  having  lost  its  man- 
dibular function,  is  fixed  and 
contracts  anchylosis  with  the  pe- 
trosal. The  Babyroussa  exempli- 
fies the  essential  individuality  of 
the  acoustic  capsule,  the  petrosal 
not  only  being  ossified  from  its 
own  centre,  but  remaining  dis- 
tinct from  every  bone  of  the  oto- 


crane. 
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§  177.  General  Characters  of  the  Limbs. — The  diverging  append- 
age of  the  occipital  vertebra  is  never  absent  in  Mammals,  and 
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offers  its  most  simple  condition  in  the  Horse,  fig.  190.  It  is  cssen- 
tially,  as  in  ProtopteruSy  a  jointed  ray,  but  every  part  is  adap- 
tively  modified  for  special  ends  and  reciprocal  adjustment  and 
interplay ;  in  the  monodactyle  Mammal  it  is,  in  fact,  the  result  of 
simplification  from  a  more  complex  ancestral  condition  of  limb,  in 
reference  to  the  application  of  that  limb  to  a  more  vigorous  kind 
of  locomotion.  Viewing  the  framework  of  such  limb,  here,  in 
merely  its  archetypal  relations,  we  remark  that  the  supporting 
arch  is  incomplete,  as  in  most  Mammals ;  the  pleurapophysis,  a,  A, 
is  expanded  into  a  ^  scapula,'  with  its  coalesced  hsemapophysis  as  a 
*  coracoid  *  process,  ib.  k.  The  first  segment  of  the  appendage  is 
modified  as  *  humerus,'  a ;  the  second  segment  as  *  radius,'  o,  with 
which  has  coalesced  the  process  «,  ti,  developed  in  most  Mammals 
as  ^  ulna.'  In  the  blastema  between  the  second  and  third  ray  have 
been  formed  a  cluster  of  ossicles  called  *  carpal,'  tr,  xr,  2,  3 ;  the 
third  segment,  4,  5,  is  a  metacarpal,  and  with  it  are  connected  two 


Onuig. 


styliform  appendages,  6,  7 ;  the  abortive  remnants  of  other  me- 
tacarpals. Next  follow  the  three  terminal  shorter  segments  of 
the  limb-ray  called  *  phalanges,'  13,  u,  15 ;  the  whole  forming  tk 
*  digit'  which  answers  to  the  middle  finger,  iii,  in  the  pentadl^ 
tyle  foot  of  beast  and  in  the  hand  of  man.  Gradational  steps  to  thk 
perfect  condition  of  '  hand '  are  selected  from  the  Mammals  wi4 
claws,  in  fig.  191.  In  the  TJnau  or  Two-toed  Sloth  (^Bnufypm 
didactylus),  the  digits  which  are  functionally  developed  answer  to 
the  second,  ii,  and  third,  in,  in  Man ;  the  fourth,  iv,  and  first,!, 
are  represented  by  styliform  beginnings  of  their  metacarpak 
The  carpal  ossicles  include  one,  s,  f,  answering  to  the  separale 
scaphoid,  *,  and  trapezium,  t,  in  Man,  a  '  lunare,'  /,  and  *  cuno- 
form,'  c,  a  *  trapezoides,'  d,  supporting  the  metacarpal  of  the  second 
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digit ;   a  '  magnum/  m^  supporting  that  of  the  middle  digit,  and 
an  '  unciforme/  u,  limited  to  the  rudiment  of  iv. 

In  the  huge  extinct  congener  of  the  Sloths  {Megatherium^  the 
fourth,  IV,  as  well  as  the  third  and  second  digits  are  developed, 
as  in  the  Bradypus  tridactylus,  for  the  support  of  claws.  There 
is  a  metacarpal  of  the  fifth  digit,  supporting  stunted  rudiments  of 
the  first,  1,  and  second,  2,  phalanges ;  the  first  digit  is  still  repre- 
sented by  a  like  rudiment  of  its  metacarpal,  i.  The  carpal 
ossicles  include,  as  in  Sloths,  a  ^  scapho-trapezium,'  «,  t,  with  a 
well-marked  *  pisiforme,'  p,  and  a  larger  *  unciforme,'  u.  In  the 
Hy<Rna  the  fifth  digit,  v,  is  functionally  developed:  the  first,  i, 
retains  the  rudimental  state.  The  scaphoid  and  lunare,  *,  /,  have 
here  coalesced :  the  trapezium,  f,  is  distinct,  but  very  small :  the 
unciforme  supports,  as  usual,  the  metacarpals  of  the  fourth,  iv, 
and  fifth,  v,  digits.  In  the  Spider-Monkey  (Ateles),  the  meta- 
carpal representative  of  the  first  digit,  i,  is  longer :  the  scaphoid, 
Sy  is  distinct,  and  the  *  intermedium,'  s',  is  a  dismemberment 
thereof,  answering  to  e,  fig.  173,  Vol.  I. 

In  the  Orang  the  carpus  also  has  the  dismembered  sca- 
phoid, 8,  or  *  intermedium,'  /.  The  inner  digit,  I,  is  short  and 
feeble,  but  with  the  usual  mammalian  number  of  two  pha- 
langes. In  the  hand  of  Man,  this  digit,  which  is  the  last  to 
be  completed  in  that  class,  attains  its  highest  functional  deve- 
lopement :  it  is  articulated  in  such  a  way  and  at  such  an  angle 
as  to  be  opposable  to  any  of  the  joints  of  any  of  the  other  digits. 
Of  these  the  third,  ill,  which  is  the  most  constant  in  tlie  class,  is 
the  longest^  The  carpus  con- 
sists of  eight  bones  in  two 
rows;  the  first  including  the 
undivided  *  scaphoides,'  *,  *  lu- 
nare,' /,  *  cuneiforme,'  c,  *  pisi- 
forme,'/?; the  second  including 
*  trapezium,'  t,  *  trapezoides,' 
€/,  *  magnum,'  m,  *  unciforme,' 

U.       These    names,     suggested  relTlcwdiuid  appendage.  HoteiiairycfteetiM. 

by  the  shapes  and  proportions 

of  the  carpal  bones  in  the  human  skeleton,  become  arbitrary  signs 

of  their  homologues  in  lower  animals. 

The  appendage  of  the  pelvic  arch  may  be  wholly  wanting,  as 
in  Sirenia  and  most  Cetacea^  or  represented  by  a  two-jointed  ray, 
as  in  the  Right  Whale,  fig.  192,  and  fig.  159,  65,  66  ;  articulated  to 
two  elements,  63  and  64,  of  the  pelvic  arch,  which,  as  in  Fishes, 
are  loosely  suspended  in  the  flesh. 

X  2 
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The  successive  gradational  steps  by  which  the  pentadactyle 
condition  of  the  limb  or  appendage  is  attained  are  selected  from 
the  aeries  of  hoofed  Mammals  in  fig.  193. 

The  pelvic  limb,  fig.  195,  shows  the  same  monodactyle  sim- 
plicity as  the  pectoral  one,  in  the  Horse.  The  ossicles  developed 
in  the  connective  substance  between  the  second  and  third  prin- 
cipal segments  of  the  long-jointed  ray,  are  the  *  astragalus,'  a, 
*  calcaneum,'  c/,  *  naviculare,'  *, '  mesocuneiforme,'  crriy  *  ectocunei- 
forme,'  ce,  *  cuboides,'  h.  The  metacarpal  supporting  the  three 
joints  or  ^  phalanges'  of  the  digit  articulates  chiefily  with  the  ecto- 
cuneiform,  e,  which  accords  in  size.  The  largely  developed  digit, 
or  continuation  of  the  main  limb-ray,  fig.  193,  answers  to  the  third, 
III,  of  the  pentadactyle  foot.  At  its  base  are  rudiments  of  the 
metatarsals  of  the  second,  ii,  and  fourth,  iv,  digits.  In  the  Ox 
the  naviculare,  ib.  «,  is  connate  with  the  '  cuboides,'  b :  and^  as  this 
supports  one-half  of  the  single  metatarsal,  such  half  is  held  to  be 
the  developed  homologue  of  the  rudimental  fourth  metatarsal 
in  the  Horse :  whilst  the  half  supported  by  the  *  ectocuneifonne,* 
ccy  in  the  Ox,  is  held  to  answer  to  the  metatarsal  of  the  developed 
digit.  III,  in  the  Horse. 


193 


Elephant. 


Hippopotamus. 


Rhinoceros. 


Ox. 


Bone. 


Embryology  here  lends  partial  proof  to  this  view :  the  so-called 
^  cannon-bone '  being  developed  from  a  single  centre  and  epi- 
physes in  the  Horse,  and  from  a  pair  of  shafts  or  centres  and 
epiphyses  in  the  Ox:  it  accordingly  supports  a  pair  of  toeS) 
which  answer  to  the  third,  iii,  and  fourth,  iv,  in  the  penli- 
dactyle  foot.  The  Camel  and  Giraffe  have  not  rudiments  d 
any  other  toes  :   in  the  Ox  such  rudiments  of  the  distal  parts  d 
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the  second,  ii,  and  fifth,  x,  digits  are  appended  to  the  coalesced 
metatarsals  of  the  functional  pair  of  toes,  iii  and  iv. 

In  the  miocene  fosail  Horse  (flipparton,  fig.  194)  a  similar  pair 
of  *  spurious '  hoofs,  iV,  it;,  dangled  behind  the  main  toe,  ttt,  com- 
pleting the  digits,  i7  and  ii?,  indicated  by  the  *  splint-bones '  or 
proximal  parts  of  the  metatarsals  in  the  modem  Horse,  fig.  193, 
II,  IV,  but  stunted  in  growth.  In  the  eocene  PaliBotherium 
these  digits  were  nearly  equal  in  size  to  the  middle  one.  The 
Khinoceros  at  the  present  day  preserves  these  proportions  of  the 
toes,  II,  III,  IV,  but  with  shorter  and  more  massive  proportions  of 
the  whole  foot.  Accordingly,  in  fig.  193,  it  will  be  seen  that  the 
*  raesocuneiforme,'  ciw,  and  *  cuboides,'  ft,  have  a  larger  propor- 
tional size  than  in  the  Horse ;  but  the  structure  of  the  tarsus  is 
essentially  the  same :  the  cuboid,  ft,  articulates  directly  with  the 
calcaneum,  c/;  the  naviculare,  «,  intervenes  between 
the  two  cuneiform  bones  and  the  astragalus,  a.  The 
affinity  of  these  *  perissodactyles '  is  obvious,  and  the 
closer  links  of  affiliation  are  supplied  by  the  extinct 
forms  above  cited.  In  like  manner  we  find  the  affinity 
of  the  Ox  and  Hippopotamus  illustrated  in  the  struc- 
ture of  the  hind-foot,  the  Hog  holding  a  similar  inter- 
mediate step  in  the  developement  of  the  toes,  iv  and 
V.  In  the  tarsus  the  cuboid,  ft,  and  naviculare,  *,  show 
the  same  near  equality  of  size,  but  they  are  distinct 
bones  in  the  Hippopotamus  as  in  all  Artiodactyles 
except  the  restricted  or  homed  Ruminants :  a  mesocu- 
neiforme,  crriy  now  supports  the  metatarsal  of  the  toe, 
II,  that  of  the  fifth,  v,  articulates  with  the  cuboid. 
In  the  Elephant  the  innermost  digit,  i,  is  present — the 
last  to  appear  in  the  ungulate  as  in  the  unguiculate 
series,  and  the  tarsal  group  shows  the  completeness 
which  it  manifests  in  Man.  The  human  anatomist  will 
recognise  the  astragalus,  a,  calcaneum,  c/,  naviculare,  «,  extended 
transversely  and  presenting  articular  facets  to  the  three  ^  cunei- 
form '  bones,  *  internal,'  *  middle,'  and  *  external,'  which  for  con- 
venience of  definition  I  have  called  *  entocuneiform,'  ci^  *  meso« 
cuneiform,'  cm,  *  ectocuneiform,'  ce  ;  the  *  cuboides,'  ft,  supports  as 
usual  the  metatarsals  of  the  fourth  and  fifth  toes.  The  toe,  i,  has 
a  short  metatarsal  and  some  bony  representative  of  a  phalanx 
imbedded  in  the  innermost  part  of  the  hoof:  the  other  toes  have 
the  normal  complement  of  phalanges,  which,  in  Mammalia,  do 
not  exceed  (save  in  Cetaced)  three  in  number,  nor  two  in  the 
innermost  digit,  i,  in  both  pectoral  and  pelvic  limbs. 


Foot  of  extinct 

Hone 

iHipparUm). 


310 


ANATOMY   OF  VERTEBRATES. 


195 


The  *  serial  homology '  of  the  parts  of  the  respective  arches  of 
these  limbs  is  illustrated  in  Vol.  I.  p.  188.  In  the  limbs  them- 
selves, or  appendages  of  the  arches,  the  femur^  fig.  195^  a,  answers 
to,  or  is  the  homotype  of,  the  humerus,  fig.  190^  a  ;  the  tibia,  fig. 
195,  ti,  is  the  homotype  of  the  radius,  fig.  190,  o ;  the  fibula,  fig. 
195,  I,  2,  of  the  ulna,  «,  u :  the  tarsus  repeats  the  carpus,  the 
metatarsus  the  metacarpus,  and  the  three  phalanges,  as  respec- 
tively named  *  proximal,'  *  middle,'  and  *  distal  *  or  *  unguaL'  In 
the  tarsus  it  will  be  seen  that  the  cuboid,  in  the  *  Slephant,'  fig. 
193,  by  supports  the  two  outer  metatarsals,  as  does  the  unciforme 
the  two  outer  metacarpals,  in  the  Orang  and  Man,  fig.  191,  y: 

the  ectocuneiform  in  the  tarsus,  ce^  and 
the  *  magnum '  in  the  carpus,  m,  re- 
spectively support  the  middle  digit,  iii: 
the  mesocuneiforme,  mcy  holds  the 
same  *  serial '  relation  to  the  trape- 
zoides,  r/,  and  the  *  entocuneiform,'  ec, 
to  the  *  trapezium,'  t.  The  bone  of  the 
carpus,  fig.  191,  «,  in  Man  articulate 
with  the  three  innermost  carpals  of  the 
second  row ;  and,  in  the  Orang,  but 
in  a  divided  state,  s  and  ^,  leaves  i 
larger  share  of  the  wrist-joint  with  the 
radius  to  the  bone  /,  and  in  the  same 
degree  tends  to  repeat  in  the  carpus 
the  position  and  connections  of  the  bone 
s  in  the  tarsus :  so  I  infer  that  the 
carpal  scaphoid  and  tarsal  navicukre 
are  homotypes :  the  carpal  lunare,  fig. 
191,  /,  answers  to  the  tarsal  astragalus, 
and  the  carpal  cuneiforme  and  pia- 
forme  to  the  tarsal  calcaneum,  in  whidi 
bone  the  lever-process  forming  lie 
*heel'  more  immediately  repeats  Ac 
pisiforme,  which  also  in  many  quadn- 
peds,  fig.  191,  /?,  Hyaena,  makes  a  'bed- 
like '  projection  in  the  carpus. 

§  178.  Special  Homologies. — Asdutt 
which  is  engendered  by  a  Mammal  ii 
mammalian  from  its  beginning,  eidi 
step  of  its  building  up  has  the  finish- 
ing  of  the  Mammal  for  its  end,  sod 
shows  it  the  more  as  it  nears  the  goal.     The  developementalphe- 
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nomena  of  the  head  neither  supersede  nor  can  supply  the  better 
evidences  of  homology  afforded  by  relative  position  and  connec- 
tions any  more  than  do  those  of  the  foot.  The  cannon-bone  of 
the  ox  is  developed  from  three  terminal  and  two  middle  centres 
of  ossification ;  but  embryology  does  not  show  which  of  these 
signify  bones  distinct  in  other  Mammals :  it  is  neither  here  nor 
elsewhere  the  criterion  of  homology.  In  the  foregoing  account 
of  the  Mammalian  modifications  of  the  Vertebrate  skeleton,  the 
general  and  serial  homologies  are  given,  as  determined  in  my 
work  on  the  Vertebrate  Archetype.  But  as  a  few  of  the  special 
homologies  of  cranial  bones  are  still  unaccepted  by  fellow-labourers 
in  this  field  of  anatomy,  I  offer  the  folloMring  remarks  in  excuse 
for  the  retention  of  my  opinions  on  such  moot-points. 

To  rightly  determine  the  cranial  bones   in  Mammals,  as  in 
Birds,  we  must  pass  to  their  investigation  from  the  previously 
detennined  bones  in  the  skull  of  an  inferior  Vertebrate.      Thus, 
placing  the  skull  of  a  young  Ostrich  or  Apteryx,  showing  the 
sutures,  by  the  side  of  that  of  the  low,  bird-like  Monotreme 
{Echidna,1ag.  1 97),  we  find  that  the  transversely  extended,  medially 
notched  occipital  condyle,  in  the  Bird,  fig.  27,  has  become  bisected 
or  divided  into  two  in  the  Mammal,  fig.  202  ;  each  moiety  being 
developed  wholly  {Echidna)  or  in  great  part  (some  Cetaced)  from 
the  exoccipital,  2.      The  basioccipital  either  wants,  or  developcs 
only  the  lower  end  of,  the  divisions  of  the  occipital  condyle.     The 
exocci[)ital,in  most  Mammals,  sends  offa  *  paroccipital '  process,  4,  as 
in  Birds.   The  basi-,  ex-(2),  and  super-(3)occipitals  coalesce  into  one 
bone,  but  rarely  are  fused,  as  in  Birds,  with  the  sense-capsule  and 
segment  in  advance.  The  basisphenoid,  fig.  202, 5,  differs  from  that 
of  the  Bird,  figs.  27, 32,  in  not  being  coossified  with  the  presphenoid, 
9 :  laterally  it  contributes  to  form  part  of  the  otocrane  and  tym- 
panum, in  advance  of  which  it  articulates  with  the  alisphenoid,  figs. 
196, 197,  6.     In  the  Echidna  a  bone,  fig.  197,  8,  coossified  with  or 
anchylosed  to  the  outside  of  the  petrosal,  expands  beyond  it  to  arti- 
culate with  the  ex-(2)  and  super-(3)occipitals,  with  the  parietals,  7, 
and  the  alisphenoids,  6.    This  bone,  in  many  other  Mammals,  deve- 
lopcs a  *  mastoid '  process,  as  in  Birds :  it  is  developed,  as  in  them, 
in  and  from  the  lateral  cranio-cartilage  enveloping  the  otic  capsule : 
it  is  plainly  the  homologue  of  s  in  the  Bird,  fig.  196.  Between  s  and 
6  in  Echidna  there  is  a  vacuity  in  the  bony  gkuU.    The  parietal,  7, 
is  relatively  larger,  the  frontal,  n,  is  smaller,  than  in  the  Bird. 
The  nasal,  16,  is  simply  elongate,  in  Echidna  as  in  Rhea :  it  does 
not  bifurcate  anteriorly  by  sending  down  a  maxillary  prong  or  pro- 
cess as  in  the  Ostrich,  fig.  196, 15,  and  most  Birds  :  but  it  is  longer 
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and  articulated,  or  is  united,  throughout  its  lengthy  witb  its  fellow 
in  the  Mammal.  The  premaxillary,  82,  is  correlatively  shorter  in 
the  Mammal,  not  medially  confluent  nor  sending  off  a  nasal  process 
from  the  symphysis,  as  in  the  Bird.  The  maxillary^  si,  is  larger, 
and  the  nasal  process,  of  which  the  beginning  is  shown  in 
Struthioy  is  a  broad  and  high  plate  in  JEchidna  and  most  other 
Mammids.      The  hind  part  of  the  maxillary  unites  with  a  malar, 


196 


SmiU  of  Ostrich. 


fig.  197,  26,  styliform  in  Echidna  and  some  Bruta,  as  it  is  in  Biida, 
fig.  196,  26.  The  bone,  27,  articulates  with  26^  but  expands  in 
Echidna,  as  in  Chelonians,  as  it  extends  backward,  and  applies 


197 


Skull  of  Echidna. 


itself,  in  most  Mammals,  to  close  the  gap  in  the  side-wall  of  the 
cranium  left  between  8  and  6,  before  articulating  with  the  tym- 
panic, 28 :  it  also  developes  the  articular  surface  for  the  mandiUe, 
29-32.  This  is  one  of  the  marked  modifications  of  the  squa- 
mosal in  the  Mammalian  class.  The  retroduced  part  or  append- 
age of  the  upper  jaw  again  affords  the  joint  to  the  lower  jaw,  as  in 
the  Plagiostomous  Fishes :  but  the  common  pedicle,  2S,  is  reduced 
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in  the  Mammal  mainly  to  the  support  of  the  ear-drum,  the  accessory 
function  with  which  it  is  charged  wholly  or  in  part  in  all  air- 
breathing  Vertebrates. 

Remove  27  and  28  from  the  cranium  of  the  Bird  and  Monotreme, 
as  in  figs.  196  and  197  5  and  the  homology  of  the  remaining  cranial 
bones,  especially  of  2,  3,  a,  6,  is  unmistakable.  The  mastoid,  s, 
in  both  Bird  and  Monotreme,  is  developed  from  cartilage  ;  arti- 
culates posteriorly  with  2,  3,  superiorly  with  7,  anteriorly  with  6 ; 
coossifies  internally  with  the  petrosal,  and  gives  attachment 
inferiorly  to  the  bone,  28,  which  supports  wholly  or  in  part  the 
^  membrana  tympani.'  The  squamosal,  27,  is  a  backward  prolon- 
gation of  the  bar,  2«,  attaching  the  upper  jaw  to  the  tympanic ;  it 
is  developed  in  the  embryonal  scaffolding  external  to  the  proper 
cranial  cartilage;  it  articulates  posteriorly  with  the  tympanic, 
28.  It  forms  no  part  of  the  outer  wall  of  the  cranium  in  Birds, 
and  is  equally  excluded  from  that  cavity  in  Cetacea^  fig.  198,  in 
most  Ruminants,  fig.  140, 
and  in  many  Rodents :  the 
supplementary  function 
of  completing  such  cra- 
nial wall  is  peculiarly 
mammalian,  and  does  not  t^*ig»  ^r-'V/ 
supersede  the  share  taken  ^^7'  "  ^  '^ 
in  such  lateral  wall    by  ^^"-^    '* 

•^  8«€tlon  of  cranfnjii.  PorpotM. 

8  and  6,  in  all  Verte- 
brates. Moreover,  27  constitutes  the  hinder  and  major  part  of 
the  zygomatic  arch  in  both  Birds  and  Mammals,  as  in  most  Rep- 
tiles ;  with  such  homologically  unimportant  modifications  of  shape 
as  are  exemplified  in  the  Turtle  and  Crocodile  (VoL  I.  figs.  91 
and  95,27),  and  in  the  figures  26, 140, 196, 197, 27,  of  the  present 
Volume. 

The  bony  pedicle  which  suspends  the  mandible  to  the  side- 
processes  of  the  cranium,  is  that  which  is  marked  28  in  the  Fish 
(Vol.  I.  figs.  81, 84),  the  Serpent  (figs.  96, 97),  the  Tortoise  (figs.  91 
and  92),  and  the  Crocodile  (figs,  93,  95).  As  those  side-processes 
are  homotypes  of  the  transverse  processes  (par-  di-apophyses)  of  the 
trunk- vertebrae,  so  28  bears  the  same  serial  relation  to  the  '  pleura- 
pophyses,'  the  mandibular  rami  completing  ^  hsemapophysially  '  the 
inferior  or  haemal  arch  of  the  cranial  segment.  This  vertebral 
character  is  shown  in  the  developement  of  the  Vertebrate  skull : 
the  simple  rib-like  cartilage  formed  in  the  second  (counting  back- 
ward) of  the  embryonal,  *  visceral,'  or  haemal  arches,  manifests 
always  its  upper  or  *  pleurapophysial '  and  its  lower  or  '  hiemapo- 
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physial '  portions :  and  these  are  more  equal  in  lengrth  in  Birds  tnl 
Haematocrya  than  in  Mammals ;  for  the  embryo  of  a  highly  vuA- 
fied  and  advanced  class  early  shows  the  characters  of  its  dm 
which  become  deceptive  when  exclusively  used  as  a  light  to 
general  vertebral  homologies.  The  true  guide  to  the  homokgr 
of  28  is  its  articular  connections  to  one  or  more  cranial  diapo- 
physes :  in  Fishes  and  Crocodiles,  e.g.,  to  the  post^-firontal  anl 
mastoid,  in  Lizards  and  Snakes  to  the  mastoid,  in  Birds  to  de 
mastoid  and  paroccipital,  in  Mammals  to  the  mastoid.  The  con- 
nection with  the  squamosal  is  later  and  supplementary  in  tk 
Vertebrate  series. 

The  tympanic  pedicle  undergoes  various  and  extreme  modii- 
cations  in  relation  to  the  functions,  as  various,  allotted  to  tbe 
second  hsBmal  arch  (counting  backward)  in  the  head.  In  Fisba, 
much  of  the  mechanical  part  of  the  respiratory  functions  is  perfonned 
by  the  *  tympano-mandibular '  arch :  hence  the  length,  subdiviaoi, 
and  resultant  elasticity  of  the  suspensory  piers  or  pediclea  !■ 
air-breathing  HcBmatocrya  the  branchial  duty  ceases ;  but  a  special 
organ  of  sense,  claiming  more  direct  relation  with  the  air,  presses 
the  tympanic  pedicle  into  a  service  unknown  to  it  in  the  water- 
breathers.  In  Cheloniay  fig.  91  (VoL  I.),  the  tympanic,  »,  * 
developed  to  form  a  frame  for  the  ear-drum,  and  it  contributes 
more  or  less  of  that  frame  in  Crocodiles,  Lizards,  and  Birds :  h 
has  least  concern  with  the  tympanum  in  Serpents ;  and,  as  these 
are  exclusively  air-breathers,  28  is  restricted  to  its  function  of 
suspending  the  mandible,  and  retains  most  of  its  simple  rib-like 
form  as  it  descends  from  the  lengthened  diapophysis,  e,  fig.  97 
(Vol,  I.)  to  the  dentigerous  ha^mapophysis,  31.  The  proximal  arti- 
cular end  of  the  tympanic  may  have  a  double  condyle,  as  in  some 
Fishes  and  Birds,  a  single  condyle,  as  in  Lizards  and  Serpents,  on 
sutural  margin  for  fixed  junction,  as  in  Chelonia^  fig.  91,  jg,  mid 
Crocodilia,  fig.  95,  28.  Such  is  its  mode  of  articulation  in  sill  Mam- 
mals, in  which  class  it  manifests  its  extreme  simplicity  of  funcdoD 
and  reduction  of  size.  To  the  ear-drum,  which  it  sustains,  is 
articulated,  in  Birds,  a  columelliform  *  stapes,'  by  the  intermediom 
of  a  cartilage  ;  and  in  Monotremes  and  Marsupials,  fig.  1 97,  j^  b^ 
the  intermedium  of  a  bone,  c.  This  ossicle  in  higher  Mammak  is 
diWded  into  '  incus '  and  *  malleus,'  which,  like  the  columelliform 
*  stapes '  in  Birds  and  Reptiles,  is  developed,  as  in  fig.  444,  b,  e 
(Vol.  I,),  in  connection  with,  but  not  like  the  tympanic  (d)  and 
mandible  in  and  from,  the  periphery  of  the  primary  <  visceral ' 
or  ha3mal  cartilaginous  arch,  calletl,  from  its  discoverer,  *  Meckel  t 
cartilage.' 
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Having  premised  so   much  in  reference    to   the   Ma 
skeleton  generally  or  typically,  its  main  modifications  as  exem- 
plified in  the  several  orders  of  the  class^  will  next  be  noticed. 

§  179. — Skeleton  of  Monotremata. — A.  Vertebral  Column. — Hie 
principal  osteological  characters  of  this  order  are : — The  eztenooi 
of  the  ^  coracoid/  fig.  I99>  52,  o,  as  in  Birds  and  Lizards,  from  the 
scapula,  51,  to  the  sternum,  «,  and  anchylosing  at  full  growdi  with 
the  scapula,  as  at  o,  fig.  199 ;  the  epicoracoid, ib.  n,  as  in  Lizards: 
the  marsupial  bones,  ib.  x,  x;  the  supplementary  tarsal  bone, 
ib.  d,  supporting  the  perforated  spur,  e,  in  the  male ;  the  kM^ 
persistence  of  distinct  pleurapophyses,  /?/,  in  the  vertebra  dentata^ 
Both  the  genera  have  twenty nsix  *true  vertebrse/  of  whick 
2QQ  seven  are  cervical;  but  the  Omithorhynchu^ 

has  seventeen  and  the  Echidna  sixteen  dor- 
sals, the  lumbar  vertebrae  being  three  in  the 
latter,  and  reduced  to  the  lacertian  number 
two  in  the  Omithorhynchus. 

The  intervertebral  substance  is  dense  and 
fibrous  at  its  periphery,  fig.  200,  a,  but  the 
fluid  central  part,  by  fills  a  more  definite 
cavity  in  the  Echidna  than  in  higher  Mam- 
mals.* 

Lumhju-Tcrtchrw,  Inter-  In  the  dorsal  vcrtcbraB  the  ner^^es  Derfortte 

the  neurapophyses ;  but  escape,  as  usual,  it 
their  intervals  in  the  cervical  and  lumbar  regions.  The  dorso- 
lumbar  neural  spines  are  short  and  subequal,  fig.  201.  The 
ribs  of  the  first  six  dorsals  have  ossified  sternal  portions  which 
articulate  with  the  sternum ;  in  the  succeeding  vertebne  to  the 
fifteenth  the  sternal  portions  are  cartilaginous,  expanded,  and 
overlap  each  other,  fig.  199;  the  last  two  pairs  of  ribs  termi- 
nate freely.  Most  of  the  vertebral  ribs  articulate  over  the  in- 
terspace of  their  own  and  the  antecedent  centrum ;  a  small 
tubercle  defines  the  neck  of  the  rib,  save  in  the  last  four ;  but, 
save  in  the  first  and  second,  does  not  articulate  with  the  dia- 
pophysis.  The  first  dorsal  pleurapophysis  is  broad,  the  othen 
are  cylindrical  and  slender ;  cartilage  is  interposed  between  the 
bony  pleur-  and  hsem-apophyscs  of  the  anterior  dorsal  vertebne, 
as  in  the  Crocodile.  The  sternum  consists  of  four  bones  in 
Ornithorhynchusy  and  of  five  in  Echidna.  The  first,  fig.  199^  *, 
is  an  unusually  expanded  *  manubrium,'  receives  the  haemapo- 
physes  of  the  first  and  second  ribs,  and  supports  a  large  T-shaped 

>  Lxxix*.  p.  375. 


SKELETON   OF   MONOTREMATA. 


317 


epistemum^   ib.    t      The   sacrum  consists   of  two  vertebrjB  in 
OrnithorhynchuSy  and  of  three  in  Echidna. 

There  are  thirteen  caudal  vertebrae  in  the  Echidna^  fig.  201. 
The  first  is  the  largest,  with  broad  transverse  processes,  the  rest 
progressively  diminishing,  and  reduced,  in  the  six  last,  to  the 
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central  element.  The  Omithorhynchus,  fig.  199,  has  twenty-one 
caudal  vertebras,  of  which  all  but  the  last  two  have  transverse 
processes,  and  the  first  eleven  have  also  spinous  and  articular 
processes.  The  pleurapophysial  parts  of  the  transverse  processes 
are  distinguishable  in  half-grown  animals.  The  transverse  pro- 
cesses are  broad  and  depressed ;  they  gradually  increase  in  length 
to  the  tenth  caudal,  then  as  gradually  diminish  to  the  twentieth ; 
their  extremities  are  expanded,  and,  from  the  fifth  backward,  are 
thickened  and  tuberculate.  The  spinous  processes  progressively 
diminish  in  height  from  the  first  caudal.  Hypapophyses  are 
developed  from  the  bodies  of  the  third  to  the  nineteenth  caudal 
vertebra  inclusive ;  but  there  are  no  hasmapophyses  articulated  to 
the  vertebral  interspaces,  as  in  many  Marsupials.  In  the  Echidna 
hypapophyses  are  absent ;  but  rudiments  of  haemapophyses  are 
connected  with  the  interspaces  of  one  or  two  of  the  middle  ver- 
tebras of  the  tail.  The  caudal  vertebrae  in  the  Omithorhynchus 
are  of  nearly  the  same  length  to  the  two  last ;  they  progressively 
diminish  in  vertical  diameter  as  they  recede  from  the  trunk,  and 
are  chiefiy  remarkable  for  their  breadth  and  flatness ;  resembling 
in  this  respect  the  caudal  vertebrae  of  the  Beaver  and  of  the 
Cetacea ;  the  horizontally  extended  tail  having  a  similar  relation 
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to  the  frequent  need  which  an  aquatic  animal  with  hot  blood  and 
a  quick  respiration  of  air  has  to  ascend  rapidly  to  the  surface  d 
the  water. 

The  cervical  vertebrse,  fig.  186,  have  short  and  broad  centraK 
confluent  with  neurapophjses ;  the  former  developing  a  par*  the 
latter  a  di-apophysis :  the  pleurapophysis^/^/,  is  short  and  broad,  lai 
circumscribes  the  *  vertebrarterial '  canal  by  junction  with  bodidie 
transverse  processes :  which  joints  in  the  last  five  cervicals  ire 
obliterated  earlier  in  Ornithorhynchus  than  in  Echidna.  In  die 
latter  not  any  of  the  cervicals  have  zygapophyses  save  the  atl»i 
The  true  centrum  of  this  vertebra  supports  a  great  part  of  its  neanl 
arch,  and  long  continues  distinct  from  that  of  the  axis  :  it  has  a  kng 
^  odontoid  '  process.  The  lower  part  of  the  ring  of  the  atlas  sends 
off  in  Ornithorhynchus  a  pair  of  long  divergent  hypapojAyses. 

B.  Skull. — The  skull  in  both  genera  of  Monotremata  is  kng 
and  low,  but  characterised  by  a  relatively  larger  cranium  in  pio- 
portion  to  the  face  than  in  most  Marsupials.  The  parietes  of 
the  expanded  cerebral  cavity  are  rounded,  and  their  outer  sui&t 

is  smooth.  These  characten 
are  most  conspicuous  in  the 
Echidna,  in  which  the  jaws  sre 
slender,  elongated,  and  gradu- 
ally diminish  forward  to  an  ob- 
tuse point,  so  that  the  whok 
skull  resembles  the  half  of  i 
pear  split  lengthwise.  The  facial 
angle  of  the  Echidna  is  36^,  that 
of  the  Ornithorhynchus  20', 
being  almost  the  lowest  in  the 
mammifcrous  class.  The  cra- 
nial bones  and  their  constituent 
pieces  continue  longer  distinct 
in  the  Echidna  than  in  the  Or- 
nithorhynchus, in  which  ther 
ultimately  coalesce  to  a  degree 
resembling  that  in  Birds. 

In  the  Echidna  the  basiocci- 
pital,  fig.  202,  I,  is  flat  and 
hexagonal,  with  the  hind-border 
notched  to  complete  below  the 
large  vertical  'foramen  mag* 
nuni,'  and  contributing  to  the 
these  are  large  and  formed  chieBy 
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lower  part  of  each  condyle,  2, 2  ; 
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by  the  exoccipitals,fig.  203, 2,2,  which  are  separated  above  the  fora- 
inen  mt^um  by  a  notch,  closed  by  membrane,  in  the  recent  state. 
The  superoccipital,  ib.  3,  is  a  transversely  oblong  quadrilateral 
plate,  articulated  by  *  harmonia,'  not  only  with  the  exoccipitals, 
but  with  the  large  mastoids,  8,  and  anteriorly  with  the  parietals, 
fig.  197,  7.      The  basisphenoid,  fig.  202,  5,  supports  lateraUy  a 
pair  of  alisphenoids,  fig.  197,  6,  which  are  notched  posteriorly  by 
the  trigeminal  nerves,  and  expand  as  they  rise  to  articulate  with 
the  parietals,  7,  the  mastoid,  8,  and  anteriorly  with  the  orbito- 
sphenoid  and  frontal,  11.    The  mastoid,  8,  is  chiefly  conspicuous  by 
its  great  size,  in  the  Echidna,  and  the  share  which  it  takes,  con- 
jointly with  the  petrosal,  in  the  formation  of  the  lateral,  lower  and 
posterior  parts  of  the  cranial  cavity:    in  this  character  it  retains 
much  of  its  ornithic  condition,  fig.  196,  8.       The  small  vacuity, 
left  in  the  Monotreme,  between  the  mastoid  and  alisphenoid,  is 
closed  by  the  application  thereto  of  the  posteriorly  expanded  squa- 
mosal, fig.  197,  27.    The  pre-  203 
sphenoid,  fig.  202,  9,  is  con- 
nate with  orbitosphenoids,  fig. 
197,  10,  pierced  by  the  small 
optic  nerves :  the  frontals,  1 1 , 
expand  as  they  rise,  but  with- 
out   developing   superorbital 
ridges,  and  meet  at  a  toothless 
suture  along  the  middle  of  the 
narrow  forehead.    The  vomer 
and    prefrontals    are   chiefly 
remarkable  for  their  connection  with  enormous  and  obscuring  tur- 
binals,  supporting  an  olfactory  organ  of  vast  extent.    The  anterior 
part  of  the  frontals  is  largely  overlapped  by  the  bases  of  the  nasal 
bones,  which  encroach  upon  the  interorbital  space.     These,  fig. 
197,  15,  receive  the  upper  edge  of  the  maxillary  into  a  groove  at 
their  outer  margin,  and  articulate  anteriorly  with  the  premaxil- 
laries,  ib.  22,  which  meet  above  the  nasal  canal  in  front  of  the  nasal 
bones  for  an  extent  of  about  three  lines,  and  thus  exclusively 
form   the   boundary  of  the  single,  oval,  and  terminal  external 
nostril.       The    lower   or    palatal   process  of   the    premaxillary 
extends  backward  in  the  form  of  a  long  and  slender  pointed 
process  which  is  wedged  into  a  fissure  of  the  maxillary.     The 
incisive   fissure   is  narrow   and  extends   from  the   premaxillary 
symphysis  some  way  between  the  palatine  plates  of  the  maxil- 
laries.     The  palatines,  fig.  202,  20,  are  long  and  entire  where 
they  form  the  hinder  half  of  the  roof  of  the  mouth,  diverging 
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posteriorly  to  form  the  narrow  median  nasal  opening.  The 
roof  is  continued  by  the  pterygoids^  ib.  S4  and  le',  whidi  ardcu- 
late^  as  in  many  Birds^  with  the  tympanic,  e,  sa,  and  the  basi- 
sphenoid^  5.  Another  mark  of  ornithic  affinity  is  the  confluence 
of  the  malar  and  squamosal,  fig.  1 97,  S7 :  unless  the  slender  pro- 
cess of  the  maxillary,  ib.  26,  may  represent  the  malar.  The 
tympanic  cavity  is  excavated  in  the  petromastoid  and  partlj 
closed  by  the  slender  tympanic,  fig.  202,  28,  e,  inrhich  sends  for- 
ward a  short  homologue  of  the  orbital  process  of  that  of  the 
bird :  about  three-fourths  of  the  ear-drum  are  attached  to  the 
tympanic,  and  one-fourth  to  the  mastoid :  the  plane  of  the  drum 
is  nearly  horizontal  and  looks  downward.  The  ^  stapes '  is  oola- 
melliform,  fig.  197,  d:  one  cms  of  the  incus  anchyloses  with  the 
reduced  tympanic  at  o ;  the  other  is  confluent  with  the  malleus,  c. 
The  lower  jaw  consists  in  the  Echidna,  fig.  197>  29-ss,  of  two 
long  and  slender  styUform  rami  without  a  symphjsial  joint,  bnt 
loosely  connected  together  at  their  anterior  extremities.  Ab 
angular  process,  so,  divides  the  horizontal  firom   the  ascending 
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ramus,  which  rises  at  an  open  angle  and  terminates  in  a  smD 
oblong  convex  condyle,  29.  A  short  obtuse  coronoid  proeeaSi  ii| 
extends  from  the  upper  part  of  the  horizontal  ramus  as  far  k 
advance  of  the  angle  as  the  condyle  is  behind  it.  The  nrt  d 
the  ramus  is  rounded  like  a  rib,  and  diminishes  to  the  ^»^p^ 
extremity.  The  dental  canal  commences  below  the  oonniiflid  W^ 
cess  and  divides  in  its  progress,  one  branch  terminatiiig  bmt^ 


SKELETON   OF   MONOTREBfATA. 


821 


middle  of  the  smooth  alveolar  border^  the  other  close  to  the  end 
of  the  ramus.  In  no  mammiferous  animal  does  the  lower  jaw 
bear  so  small  a  proportion  to  the  skull  or  to  the  rest  of  the 
skeleton  as  in  the  Echidna. 

In  the  Ornithorhynchus  the  lower  jaw,  fig.  204,  E,  is  much 
more  developed.  Each  ramus  commences  posteriorly  by  a  large 
convex  condyle.  The  ascending  ramus  is  nearly  horizontal, 
flattened  below,  and  continued  upward  in  the  form  of  a  low 
vertical  compressed  plate,  on  each  side  of  which  there  is  a  deep 
fossa.  The  ascending  is  continued  by  a  gentle  curve  into  the 
horizontal  ramus,  and  the  angle  of  the  jaw  is  very  feebly  in- 
dicated. The  horizontal  ramus  suddenly  expands  and  sends  off 
above  in  the  same  transverse  line  two  short  obtuse  processes,  both 
of  which  might  be  termed  *  coronoid ; '  this  structure  is  peculiar 
to  the  Ornithorhynchus.  The  innermost  process,  c,  although 
the  largest,  is  the  superadded  structure,  as  it  affords  insertion  to 
the  internal  pterygoid.  The  socket,  rf,  e,  for  the  horny  grinder, 
is  shallow ;  its  floor  is  perforated  by  several  large  foramina.  The 
dental  canal  divides  ;  one  branch  opens  by  a  wide  elliptical  fora* 
men  on  the  outside  of  the  ramus  immediately  anterior  to  the 
alveolus,  the  other  terminates  at  the  lower  part  of  the  end  of  the 
ramus.  The  rami  of  the  jaw  converge  and  are  united  at  a  sym- 
physis of  more  than  half  an  inch  in  length  ;  there  they  become 
expanded  and  flattened,  then  again  disunite,  and  are  continued 
forward  as  two  spatulate  processes,  i,  which  diverge  from  each 
other  to  their  broad  rounded  terminations, 
and  are  situated  just  behind  the  inflected 
extremities  of  the  similarly  separated  pre- 
maxiUaries,  ib.  a,  and  fig.  205, 22.  On  the 
outer  sides  of  the  upper  surface  of  the 
broad  symphysis  are  the  long  and  narrow 
sockets  of  the  two  anterior  trenchant  homy 
teeth.  The  Monotremes  differ  from  the 
Marsupials  in  the  absence  of  the  inflected 
process  developed  from  the  angle  of  the 
lower  jaw. 

The  exoccipitals,  fig.  205,  2,  ft,  and 
Buperoccipital,  ib.  8,  are  separate  in  the 
skull  of  ^e  young  Ornithorhynchus  here 
figured  of  the  natural  size.  The  mastoid, 
ib.  e,  e,  contributea  to  part  of  the  occi- 
pital siurface,  and  adyaiioes  anteriorly  to  the  small  cranial  expan- 
sion of  the  BC^wamoHl  ftt  /•     Th««  i  does  not  exceed 
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in  size  the  glenoid  process^  which  it  meets  at  a  right  angle,  and 
from  the  union  of  which  the  zygomatic  process  is  continued  for- 
ward to  join  the  malar  process  of  the  muillarj :  there  is  no  dis- 
tinct malar  bone.  The  parietal,  ib.  7,  is  long  and  lorge^  undiyided 
by  a  sagittal  suture,  from  the  place  of  which  a  bony  falx  is 
developed  internally,  fig.  204,  B.  The  frontals  are  small,  and  in 
fig.  205,  hy  A,  retain  the  frontal  suture.  The  nasals,  ib.  n,  n,  are 
long  and  large  :  they  contribute  to  the  rim  of  the  orbit,  and  fonn 
the  posterior  half  of  the  large  bony  nostril,  j9.  The  maxillary,  ib. 
wi,  after  sending  off  a  process  which  curves  over  the  antorbitil 
foramen,  extends  forward,  diverging  from  the  nasal  to  fonn  Ae 
angular  fissure  which  receives  the  premaxillary ,  Oy  2«.  Each  of 
these  bends  inward  at  the  anterior  extremity^  but  is  sepanted 
by  a  wide  space.  There  is  a  small  prenasal  ossicle  at  py  fig.  205, 
and  hy  fig.  204,  a.  The  vomer  forms  a  bony  vertical  septum 
dividing  the  nasal  cavity  from  the  presphenoid  forward.  The 
palatine  plate  of  the  maxillary,  fig.  204,  a,  21^  is  pierced  by  large 
oblique  canals  for  the  transmission  of  palatine  branches  of  the 
trigeminal  nerve.  The  bony  palate  is  continued  backward  entiie 
between  the  large  shallow  alveoli,  ^,  A,  of  the  upper  homy  mdin 
to  the  posterior  nostrils,  e,  which  resemble  those  of  the  Crocodik 
in  their  backward  position.  The  sutures  defining  the  paladnes 
and  pterygoids  are  soon  effaced. 

The  Omithorhynchus  differs  from  the  Echidna  in  the  kip 
vacuities  behind  and  in  front  of  the  tympanic  cavity,  the  one 
representing  the  combined  jugular  and  precondyloid  foramen,  tke 
other  the  foramen  ovale.  The  notch  above  the  foramen  magnum, 
fig.  204,  c,  is  better  defined  ;  as  is  also  the  orbit. 

There  is  a  small  lacrymal  foramen  at  the  anterior  and  inaer 
part  of  the  orbit  in  both  the  genera  of  Monotremes;  a  litde 
lower  down  is  the  commencement  of  the  antorbital  canaL  Thi 
canal  branches  in  the  Echidna,  and  terminates  on  the  outer  side 
of  the  maxillaiy  bone  by  a  succession  of  small  foramina ;  but  in 
the  Omithorhynchus,  where  it  transmits  a  much  larger  sensi- 
tive nerve,  it  divides  into  three  canals,  of  which  one  emei]ge8 
beneath  the  uncinated  process  of  the  maxillary  above  mentioned; 
a  second  descends  and  opens  upon  the  palate;  and  the  tbii' 
passes  forward  into  the  substance  of  the  facial  fork,  and  tenni- 
nates  by  a  large  foramen  at  the  outside  of  the  premaxillary  bone. 

On  the  exterior  of  the  cranium  the  ridges  indicating  the  extest 
of  the  temporal  muscles  are  clearly  developed  in  the  Omitho- 
rhynchus, and  correspond  with  the  stronger  zygomata  and  tfe 
more   complete  apparatus  for  mastication    in    this   Monotrew 
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Four  linear  impressions  upon  the  upper  surface  of  the  skull 
diverge  from  the  middle  of  the  lambdoidal  ridge^  and  terminate 
at  the  temporal  ridges. 

The  interior  of  the  skull  offers  many  unusual  modifications. 
The  sella  turcica  is  elongated  and  narrow  in  both  Monotremes ; 
it  is  bounded  by  two  very  distinct  lateral  walls  in  the  Echidna. 
The  posterior  clinoid  processes  are  chiefly  remarkable  for  their 
height  in  the  Omithorhynchus.  The  semicircular  canals  stand 
out  in  high  relief  in  this  species^  as  in  Birds.  In  the  Echidna 
the  olfactory  capsule  encroaches  upon  the  anterior  part  of  the 
cranial  cavity  in  the  form  of  a  large  convex  protuberance,  and  a 
very  extensive  cribriform  plate  is  developed.  In  the  Omitho- 
rhynchus the  olfactory  tract  is  comparatively  small  in  the  form  of 
a  depression,  and  the  nerve  escapes  by  a  single  foramen  in  the 
prefrontal :  this  is  likewise  an  interesting  mark  of  affinity  to  the 
Bird  and  Reptile.  But  the  most  remarkable  feature  in  the  interior 
of  the  skull  of  the  Omithorhynchus  is  the  bony  falx,  fig.  204,  B. 
This  is  not  present  in  the  Echidna.  The  tentorium  is  mem- 
branous in  both  Monotremes. 

C.  Bones  of  the  Limbs. — The  scapula,  fig.  199,  O  and  6i,  are 
compressed  curved  plates,  vertical  in  position,  like  the  other 
pleurapophyses :  they  have  coalesced  with  their  hsemapophyses, 
the  coracoids,  52  and  G,  o,  which  articulate  below  to  the  expanded 
haemal  spine^  called  ^  epistemum,'  t,  and  also  with  the  succeeding 
spine,  called  ^  manubrium/  s,  or  first  bone  of  the  true  sternum. 
A  dismemberment  of  the  coracoid^  n,  extends  its  attachments  also 
to  the  elongated  T-shaped  epistemum. 

The  whole  scapula  is  broader,  thicker,  and  less  curved  in  the 
Echidna,  fig.  201,  5i,  than  in  the  Omithorhynchus.  In  both 
Monotremes^  the  posterior  margin  or  costa  is  concave,  most  so  in 
the  Omithorhynchus,  and  in  both  it  is  turned  toward  the  trunk, 
so  that  the  subscapular  surface  looks  obliquely  forward  and 
inward.  The  articular  surface  is  divided  into  two  facets:  the 
one,  internal  and  flat,  articulates  with  the  coracoid;  the  other, 
external,  is  slightly  concave,  and  contributes,  with  a  similar  but 
narrower  concave  surface  of  the  coracoid,  to  form  the  glenoid 
cavity  for  the  humerus. 

The  coracoid,  fig.  199,  O,  o,  and  52,  early  coalesces  with  the 
scapula  in  the  Omithorhynchus;  it  maintains  its  independent 
condition  to  a  later  period  in  the  Echidna.  In  both  it  is  a  strong, 
subcompressed,  subelongate  bone,  expanded  at  both  ends :  one  of 
these  is  articulated  and  anchylosed  with  the  scapula,  as  above 
described ;  the  other  is  joined  to  the  anterior  and  external  facet 
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of  the  manubrium  stemi.  The  posterior  margin  of  the  coracoid 
is  concave  and  free ;  the  anterior  margin  is  straiglit  and  articu- 
lated with  a  narrower  ^  epicoracoid'  in  the  Echidna  than  in  the 
Omithorhynchus. 

The  clavicles^  fig.  199,  m,  m,  are  two  curved  styles^  extending 
from  the  acromion  along  the  transverse  bar  of  the  epistemnm^  /. 
The  humerus,  ib.  5S,  is  remarkable  for  its  shortness  and  breadth, 
especially  of  its  two  extremities.  There  is  a  small  sesamoid  o^ 
side,  above  the  internal  tuberosity,  answering  to  the  *  os  hum«t>- 
capsulare'  in  the  shoulder-joint  of  Birds  (p.  67).  The  proximal 
expansion  terminates  by  a  broad  thick  convex  border,  the  middle 
part  of  which  is  developed  into  the  articular  head,  which  is  so 
adapted  to  the  glenoid  cavity,  that  the  bone  is  maintained  in  a 
horizontal  position,  and  the  distal  expansion  is  nearly  verticaL 
The  deltoid  and  pectoral  crests  are  strongly  developed;  both 
condyles  are  remarkably  produced,  especially  the  internal  one, 
which  is  perforated,  fig.  199,  H,  a.  The  distal  articiilar  surface 
scarcely  occupies  a  fourth  part  of  that  broad  termination  of  the 
humerus:  it  presents,  in  the  Echidna,  fig.  201,  53,  a  convex 
tubercle,  which  is  broadest  in  front  for  the  articulation  of  the 
radius,  narrow  behind  for  that  of  the  ulna.  The  articular  sur- 
faces of  both  antibrachial  bones  are  concave :  so  that  the  elbow- 
joint  admits  freely  of  flexion  and  extension,  abduction  and  adduc- 
tion, but  is  restricted  in  the  movement  of  rotation. 

The  radius,  fig.  199,  54,  and  ulna,  ib.  55,  are  in  contact  and 
pretty  firmly  connected  together  through  nearly  their  whole  ex- 
tent; the  interosseous  space  being  reduced  to  a  slight  fissure. 
The  ulna  is  chiefly  remarkable  for  the  olecranon,  fig.  199,  i,  a, 
which  is  bent  forward  upon  the  humerus,  and  transversely  ex- 
panded at  its  extremity,  especially  in  the  Omithorhynchus,  in 
which  the  lower  or  inner  angle  of  the  expanded  extremity  is  con- 
siderably produced.  The  shaft  of  the  ulna  is  compressed,  and 
increases  in  breadth,  in  the  Echidna,  as  it  approaches  the  broad 
carpus.  In  the  Omithorhynchus  it  is  bent  like  the  italic  / 13 
more  cylindrical,  and  more  suddenly  expanded  at  the  distal  end. 
The  radius  offers  little  worthy  of  notice,  except  that  in  the  Omi- 
thorhynchus it  is  flattened  next  the  ulna,  and  so  applied  to  that 
bone  as  to  prevent  altogether  a  rotation  of  the  hand  upon  tkc 
ulna.  In  the  Echidna  the  distal  articular  surface  of  the  ulna, 
fig.  207,  n,  presents  two  convex  trochleae  separated  by  a  median 
concavity;  that  of  the  radius,  ib.  r,  offers  a  reverse  condition; 
here  two  concavities  are  divided  by  a  median  convex  ridge :  all 
the  four  facets  at  the  carpal  joint  of  the  antibrachium  are  in  ^ 
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same  transverse  line.  The  two  radial  concavities  receive  the  two 
articular  convexities  of  the  broad  scapholunar  bone,  fig.  206 ,  a ; 
the  two  convex  trochleae  of  the  ulna  play  upon  two  concavities, 
one-half  of  each  of  which  is  contributed  by  the  cuneiform,  ib.  i, 
and  pisiform,  c.  This  complicated  joint  limits  the  movement  of 
the  hand  upon  the  fore-arm  to  flexion  and  extension. 

Notwithstanding  the  confluence  of  the  scaphoid  with  the  lunar 
bone  in  the  carpus  of  the  Echidna,  as  in  that  of  the  Marsupials 
and  Camivora,  it  includes  eight  ossicles,  a  small  sesamoid  bone, 
fig.  206,  X,  being  developed  in  the  tendon  of  the  flexor  carpi 
radialis,  and  articulated  with  the  scapholunar  bone,  a,  and 
radius.     The  distal  series  of  the  carpus  includes  the  four  nor- 
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Bones  and  cIaws  of  the  fore-foot,  Echidna,  anconal  aapect. 


Bones  of  the  fbre-fbot, 
Ec^idn*.  pAlmar  Mpect. 


mal  bones,  the  trapezium,  ib.  dy  supporting  'the  innermost  digit 
or  poUex,  the  trapezoides,  ^,  the  index,  the  os  mt^um,  /,  which 
is  almost  the  smallest,  sustaining  the  medius,  and  the  unci- 
forme,  g^  the  two  outer  digits :  in  the  Ornithorhynchus  the  os 
magnum  contributes  a  greater  share  to  the  articulation  with  the 
ring-finger. 

In  the  Echidna  all  the  bones  of  the  fore-extremity  are  rela- 
tively larger  and  stronger  than  in  the  Ornithorhynchus,  but  this 
difference  is  especially  remarkable  in  the  metacarpals  and  two 
first  rows  of  phalanges,  fig.  206,  A,  t,  A,  which  are  singularly 
short,  broad,  and  thick.  The  palm  is  strengthened  by  two  large 
sesamoids  developed  in  the  flexor  tendons ;  these  are  sometixnei 
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confluent^  fig.  207^  /.  The  number  of  phalanges  in  both  Mono- 
tremes  is  the  same  as  in  other  Mammak^  Tiz.  two  to  the  thumb 
and  three  to  each  of  the  fingers.  This  is  not  the  case  in  iny 
Saurian^  and  the  retention  of  the  Mammalian  type  at  the  peri- 
pheral segment  of  the  limb^  with  the  singular  deviation  firmn  h 
at  the  central  supporting  arch,  is  not  one  of  the  least  remarkable 
points  in  the  osteology  of  the  Monotremes. 

There  is  a  sesamoid  bone  at  the  palmar  aspect  of  each  rf  the 
distal  articulations  of  the  phalanges  in  the  Echidna,  fig.  207,  at. 
and  at  all  the  digital  articulations  in  the  Omithorhyiichiis,  fig. 
199,  H^  d.  The  ungual  phalanges  are  long,  depressed,  nearly 
straight,  of  great  strength  in  the  Echidna,  in  which  each  of  them 
is  perforated  at  the  palmar  aspect,  fig.  207. 

The  pelvis  of  the  Monotremes  bears  a  resemblance  to  that  of 
Keptiles  in  the  length  of  time  during  which  the  three  components 

of  each  os  innominatum  remain 
^^^  distinct,  especially  in  the  Echid- 

na ;  and  in  the  great  develope- 
ment  of  the  ilio-pectineal  spine, 
which  equals  in  size  that  of  the 
Tortoise,  in  the  Omithoihjn- 
chus :  the  pelvis  of  the  Echidna 
resembles  that  of  Birds  in  the 
perforation  of  the  acetabulum, 
fig.  208^^ ;  but  the  pelvis  in  both 
Monotremes  chiefly  resemUes 
that  of  the  higher  Lyencephala 
in  the  presence  of  the  marsupial 
bones,  ib.  e,  fig.  199,  jr. 

The  ilium,  figs.  199,  208,  6S, 
is  a  shorty  strong,  trihedral  bone, 
with  the  upper  extremity  ex- 
panded and  everted  in  the  Omithorhynchus :  the  ischium^  ib.  63, 
has  its  tuberosity  prolonged  backward  in  an  obtusely-pointed 
form:  the  pubis  in  the  same  animal,  besides  having  the  spinous 
process  directed  forward,  gives  off  a  second  smaller  process,  which 
projects  outward ;  this  process  is  present,  but  less  developed,  in 
the  Echidna,  fig.  208,  64.  The  pubis  and  ischium  contribute  an 
equal  share  to  the  formation  of  the  foramen  obturatorium,  ib.  A, 
and  to  the  symphysis,  d,  which  closes  the  pelvis  below. 

The  marsupial  bones,  fig.  199,  x,  x,  208,  e,  are  relatively  larger 
and  stronger  in  the  Monotremes  than  in  the  ordinary  Marsupialia, 
the  Koala  excepted ;  their  base  extends  along  the  anterior  margin 


Intorual  view  of  pelvis.  Echidna. 
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of  the  pubis  from  the  eymphysis  outward  to  that  of  the  spinous 
process :  they  are  relatively  longer  in  the  Echidna  than  in  the 
Omithorhynchus ;  they  always  remain  moveably  articulated  with 
the  brim  of  the  pelvis. 

The  femur,  fig.  199,  65,  is  short,  broad,  and  flattened ;  its  head 
rises,  like  that  of  the  humerus,  from  the  middle  of  a  broad  ex- 
panded proximal  end,  having  on  each  side  a  strong  process,  the 
outer  one  representing  the  great,  the  inner  one  the  small,  tro- 
chanter. In  the  Echidna  a  projecting  ridge  extends  from  the 
great  or  outer  trochanter  beyond  the  middle  of  the  bone ;  the 
whole  of  the  inner  part  of  the  shaft  is  bounded  by  a  trenchant 
edge ;  both  outer  and  inner  margins  of  the  bone  are  trenchant  in 
the  Omithorhynchus.  The  distal  end  of  the  femur  is  expanded 
transversely,  but  compressed  from  before  backward.  The  rotular 
trochlea  is  flat  transversely,  convex  vertically,  in  the  Echidna ;  it 
is  hardly  definable  when  the  cartilage  is  separated  from  the  bone ; 
but  the  patella  itself  is  well  developed,  and  ossified  in  both 
Monotremes,  fig.  199,/?. 

The  tibia,  ib.  66,  is  straight  in  the  Echidna,  but  bent,  with  the 
convexity  next  the  fibula,  in  the  Omithorhynchus ;  its  cristsB  are 
slightly  marked. 

The  Jibula  is  slightly  bent  209 

in  the  Echidna,  fig.  201,  67, 
but  is  straight  in  the  Omi- 
thorhynchus, fig.  199,  67 ;  in 
both  Monotremes  it  is  longer 
than  the  tibia  by  the  extent 
of  a  process,  ib.  r,  which 
rises  upward  beyond  the 
proximal  articulation  of  the 
fibula,  and  strongly  expresses 
the  homotypal  relation  of 
this  bone  with  the  ulna: 
this  process  reaches  halfway 
up  the  back  of  the  femur  in 
the  Omithorhynchus,  and, 
like  the  olecranon,  is  greatly 
expanded  at  its  termination. 

The  tarsus,  figs.  209, 210, 
consists  of  a  naviculare,  a, 
astragalus,  b,  a  calcaneum,  c, 
three  cuneiform  bones,  d,  e,  /,  and  a  cuboid,  (7,  in  the  Echidna ; 
but  the  cuboid  in  the  Omithorhynchus  is  divided  into  two  bones. 


BoDci  and  elairi  of  the  hlndfoot,  rotular  aapcce. 
Echidna. 
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as  in  some  Reptiles^  one  for  the  fourth  and  the  other  for  the  fifUi 
metatarsals.  In  both  Monotremes  there  is  a  sesamoid  bone,  fig. 
209,  *,  placed  at  the  interspace  between  the  astragalus  and  tbe 
naviculare;  a  second  supernumerary  bone^  ib.  **,  is  articulated 
to  the  posterior  part  of  the  astragalus,  and  supports  the  per- 
forated spur  which  characterises  the  male  sex,  fig.  199»K,  ^, «. 
The  calcaneum  of  the  Omithorhynchus,  c/,  terminates  by  sending 
outward  a  short  obtuse  tuberosity ;  in  the  Echidna  this  part  b 
more  slender,  and  is  singularly  directed  inward  and  forward 
nearly  in  a  line  with  the  digits,  fig.  210,  c. 

The  astragalus  in  the  Omithorhynchus  presents  a  double 
trochlea  above  for  the  tibia  and  fibula,  and  a  depression  on  iti 
inner  side,  which  receives  the  incurved  mal- 
leolus of  the  tibia,  almost  as  in  the  Sloths. 
The  toes  have  the  same  number  of  bones 
as  in  other  Mammals ;  their  size  and  fonn 
are  more  alike  in  the  two  Monotrematous 
genera  than  those  of  the  fingers  :  the  un- 
gual phalanges,  like  the  claws  they  support, 
are  more  curved  than  those  on  the  fore-foot, 
but  like  them  they  are  perforated  on  their 
inner  and  concave  side,  fig.  210. 

§  180.  Skeleton  of  Marsupialia. — A.  Ver- 
tebral Column. — The  number  of  *  true '  ver- 
tebras is  the  same  in  all  the  MarsupialitL, 
viz.  26 ;  that  of  the  dorsal  and  lumbar  series 
varying  according  to  the  number  of  long 
and  free  ribs,  e.  g.  «/  12  /  7  in  Petaurist^ 
rf  15  /  4  in  Wombats,  ^  13  /  6  in  other  genera; 
the  cervicals  are  seven  in  all. 
In  the  Koala  the  length  of  the  spine  of  the  first  dorsal  hardly 
exceeds  that  of  the  last  cervical,  but  in  all  other  Marsupials  the 
difierence  is  considerable,  the  first  dorsal  spine  being  much  longer; 
those  of  the  remaining  dorsal  vertebrae  progressively  dimininli  in 
length  and  increase  in  breadth  and  thickness.  They  slope  toward 
the  centre  of  motion,  which  is  shown  by  the  vertic^ty  of  its 
spine :  this,  in  the  Perameles,  is  at  the  eleventh  dorsal  vertebra, 
in  Potoroos  and  Kangaroos,  fig.  211,  at  the  ninth -twelfth,  in  the 
Petaurists  at  the  thirteenth  vertebra.  In  the  Phalangers,  Koala, 
and  Wombat,  the  flexibility  of  the  spine  is  much  diminished,  and 
the  centre  of  motion  is  not  defined  by  the  convergence  of  the 
spinous  process  toward  a  single  vertebra,  but  they  all  incline 
slightly  backward,  fig.  212. 


Bone*  of  hind-foot,  plantar 
aspect,  Sehidna  tetota. 
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The  metapophyses  which  begin  to  increase  in  length  in  the 
three  posterior  dorsal  vertebrae,  attain  a  great  size  in  the  lum- 
bar vertebrae,  and  are  locked  'into  the  interspace  between  the 
anapophyses  and  post-zygapophyses.  The  diapophyses  of  the 
lumbar  vertebrae  progressively  increase  in  length  as  the  ver- 
tebrae approach  the  sacrum ;  they  are  most  developed  in  the 
Wombat,   where    they   are 

directed  obliquely  forward.  211 

In  the  Kangaroos,  Potoroos, 
and  Perameles,  they  are 
curved  forward  and  ob- 
liquely downward.  The 
length  of  these  and  of  the 
metapophyses  is  relatively 
least  in  the  Peteturists, 
Phalaogers,  and  Opossums. 

In  the  Wombat  the  meta^ 
pophysis  rises  suddenly  from 
the  outside  of  the  prezyga- 
pophysis  of  the  twelfth  dor- 
sal, increases  in   length  to 


Kangaroo. 


the  second  lumbar,  diminishes  by  degrees  to  the  second  sacral, 
and  is  rudimental  in  the  following  sacral  and  caudal  verte- 
brae. A  rudiment  of  the  anapophysis  is  first  discernible  on  the 
eleventh  dorsal :  the  process  gradually  increases  to  the  last  dorsal, 
diminishes  in  the  liunbar,  and  disappears  in  the  last  of  that  series. 
The  diapophysis,  moreover,  is  not  suppressed  on  the  last  dorsal 
vertebra.  The  serial  homology  of  the  transverse  processes  of 
the  lumbar  vertebrae  is  here  manifested  in  the  most  unequivocal 
way;  both  metapophyses  and  anapophyses  coexist  with  diapo- 
physes in  the  last  four  dorsal  and  the  first  three  lumbar  vertebrae. 
Whether,  therefore,  the  metapophysis  or  the  anapophysis  be  the 
part  called  ^  tubercle  '  by  some  Anthropotomists,  neither  of  them 
is,  in  the  lumbar  vertebrae,  the  process  named  'tnauTerae'  ^  ' 
the  thoracic  vertebrae :  that  process,  to  which  the 
physis '  is  restricted  in  the  present  work,  is  contnme^ 
into  the  lumbar  region,  and  is  there  lengthened  c 
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in  the  living  animal.  In  the  Koala^  fig.  227,  the  tail  is  also 
very  short.  In  the  Chasropus  it  seems  to  be  wanting.  In  one 
species  of  Perameles  I  find  eighteen  caudal  vertebrae ;  in  another 
twenty-three.  In  two  species  of  Potoroo  there  are  twenty- 
four  caudal  vertebrae,  but  the  relative  length  of  the  tail  differs 
in  these  by  one  third,  in  consequence  of  the  dififerent  length 
of  the  bodies  of  the  vertebraB.  In  Hypdprymnus  ursinus  there 
are  more  than  twenty-six  caudal  vertebras.  In  the  Great  Kan- 
garoo there  are  twenty-two  caudal  vertebrae.  In  Bennett's  Kan- 
garoo there  are  twenty-four  caudal  vertebrae,  which  are  remark- 
able for  their  size  and  strength.  In  the  Phalangista  vulpinoj 
there  are  twenty-one  caudal  vertebrae.  In  the  JPeiaurus  nw- 
crurus  I  find  twenty-eight  caudal  vertebrae,  while  in  the  Pet 
sciureus  there  are  but  twenty ;  the  bodies  of  the  middle  caudal 
vertebrae  in  both  these  species  are  remarkably  long  and  slender. 
The  Myrmecobius  has  twenty-three  caudal  vertebrae :  in  Didelphyi 
cancrivora  there  are  thirty-one ;  in  the  Virginian  Opossum  there 
are  twenty-two  caudal  vertebrae.  In  the  latter  species  the  spinal 
canal  is  continued  along  the  first  six;  beyond  these  the  nenral 
spines  cease  to  be  developed,  and  the  body  gives  off^  above,  only 
the  two  anterior  and  two  posterior  zygapophyses  which  are  mdn 
mental,  and  no  longer  subservient  to  the  mutual  articulation  of 
the  vertebrae.  The  transverse  processes  are  single  on  the  fint 
five  caudal  vertebrae,  and  are  nearly  the  breadth  of  the  body, 
but  diminish  in  length  from  the  second  caudal,  in  which  vertebre 
they  are  generally  the  longest.  In  the  other  vertebrae  a  short 
obtuse  process  is  developed  at  both  extremities  of  the  body  od 
either  side,  so  that  the  dilated  articular  surfaces  of  the  posterior 
caudal  vertebrae  present  a  quadrate  figure. 

In  most  of  the  Marsupials  which  have  a  long  tail,  this  q>- 
pendage  is  subject  to  pressure  on  some  part  of  the  under  surfiioe. 
In  the  Kangaroo,  fig.  211,  this  must  obviously  take  place  to  a 
considerable  degree  when  the  tail  is  used  as  a  fifth  extremity,  to 
aid  in  supporting  or  propelling  the  body.  In  the  Potoit>os  and 
Bandicoots  the  tail  also  transmits  to  the  ground  part  of  the  super- 
incumbent pressure  of  the  body  by  its  under  surface,  when  the 
animal  is  erect,  but  it  is  not  used  as  a  crutch  in  locomotion  as 
in  the  Kangaroos.  In  the  Phalangers  and  Opossums  the  tail  it 
prehensile,  and  the  vessels  situated  at  the  under  surface  are  liaUe 
to  compression  when  the  animal  hangs  suspended  by  the  ♦^^ 
To  protect  these  vessels,  therefore,  as  well  as  to  afford  additional 
attachment  to  the  muscles  which  execute  the  various  movements 
for  which  the  tail  is  adapted  in  the  above-mentioned  Maramiiali, 
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V-fihaped  bones^  or  haBinal  arches^  are  developed,  of  various  forms 
and  sizes,  and  are  placed  beneath  the  articulations  of  the  vertebras, 
a  situation  which  is  analogous  to  that  of  the  neural  arches  in  the 
sacral  region  of  the  spine  in  Birds,  and  in  the  dorsal  region  of 
the  spine  in  the  Chelonian  Reptiles.  The  two  crura  of  the 
haemal  arch  embrace  and  defend  the  bloodvessels,  and  the  spinous 
process  continued  from  their  point  of  union  presents  a  variety  of 
forms  in  different  genera.  In  Cook's  Phalanger  the  haemapo- 
physes  commence  between  the  second  and  third  caudal 
vertebrae,  increase  in  length  to  the  fourth,  and  then  ^^^ 
progressively  diminish  to  the  end  of  the  tail;  the 
penultimate  and  antepenultimate  presenting  a  per- 
manent separation  of  the  lateral  moieties,  and  an 
absence  of  the  spine,  fig.  214.  In  the  Great  Kan- 
garoo the  spine  of  the  first  haemal  arch  only  is  simple 
and  elongated,  the  extremities  of  the  others  are  ex- 
panded, and  in  some  jut  out  into  four  obtuse  pro- 
cesses, two  at  the  sides,  and  two  at  the  anterior  and 
posterior  surfaces. 

The  cervical  vertebrae,  seven  in  number  in  all  Mar- 
supials, show  usually  to  the  last  the  circumscription  of 
the  vertebrarterial  foramen  by  confluence  of  a  short 
pleurapophysis,  fig.  216,  />/,  with  di-  and  met-apophy- 
ses :  but  I  have  seen  the  pleurapophyses  still  unan- 
chylosed  in  a  full-grown  Perameles.  In  Dasyures, 
Opossums,  Phalangers,  and  Perameles,  the  seventh 
cervical  has  the  diapophysis  only:  in  the  Kangaroos 
both  atlas  and  dentata  may  have  the  transverse  pro- 
cess merely  grooved  by  the  vertebral  arteries :  in  the 
Koala  and  Wombat  the  atlas  presents  only  the  per- 
foration on  each  side  of  the  superior  arch.  In  the 
Perameles  and  some  other  Marsupials,  the  neurapo- 
physes  of  the  atlas,  fig.  216,  n,  are  distinct  ftom  the  ^SJJJir* 
hypapophysis,  fig.  215,  A,  as  well  as  from  their  proper  pSi£[J5r. 
centrum,  the  odontoid,  fig.  216,  c  a.  In  the  Koala 
and  Wombat  the  hypapophysis  remains  cartilaginous,  and  the 
lower  part  of  the  vertebral  ring  is  completed,  in  the  ^j^ 

skeleton,  by  dried  gristly  substance,  fig.  216.    In  the 
Petaurists,  Kangaroos,   and   Potoroos,   the   atlas   is    _  ^ 
completed  below  by  an  extension  of  ossification  from     xtiMMotPtra- 
the  neurapophyses  into  the  cartilaginous  hypapophy-     *•*"  '"****^ 
sis,  simulating  the  body,  and  the  ring  of  the  vertebra  is  for  a  long 
time  interrupted  by  a  longitudinal  fissure  in  the  middle  line,  the 
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Atlas,  axis,  and  third  cervical  vertebra. 
Koala. 


spme^ 


breadth  of  which  diminishes  with  age.  In  all  the  Mareupials  the 
spine  of  the  dentata  is  well  developed  bolh  in  the  vertical  and  longi- 
tudinal directions,  but  most  so  in  the  Virginian  and  Crab-eating 
Opossums,  fig.  217,  where  it  increases  in  thickness  poeterioily; 
in  these  species  also  the  third,  fourth,  and  fifth  cervical  vertebre 

have  their  spines  remarkably  long  and 
thick,  but  progressively  diminishing 
from  the  third,  fig.  218,  which  equals 
in  height  and  thickness,  but  not  in 
longitudinal  extent,  the  spine  c£  the 
dentata.  These  spines  are  four-sided, 
and  being  closely  impacted  together, 
one  behind  another,  must  add  greatly 
to  the  strength,  while  they  diminish 
the  mobility,  of  this  part  of  the  spine. 
The  structure  of  the  transverse  pro- 
cesses of  the  cervical  vertebrae,  fig. 
218,  dy  is  also  adapted  to  the  strength- 
ening and  fixation  of  this  part  of  the 
vertebral  column :  they  are  expanded  nearly  in  the  axis  of  the 
but  so  that  the  posterior  part  of  one  transverse  process 

overlaps  the  anterior  part  of 
the  succeeding.  This  struc- 
ture is  exhibited  in  a  slighter 
degree  in  the  cervical  verte- 
brje  of  the  Dasyures,  Phi- 
langers,  and  Great  Kangaroo. 
In  the  Petaurists,  Potorooe, 
Wombat,  and  Koala,  the  di- 
rection and  simpler  form  of  the 
transverse  processes  allow  of 
greater  freedom  of  lateral  mo- 
tion. In  the  Koala  and  Wombat  a  short  obtuse  process  is  given 
off  from  the  under  part  of  the  transverse  process  of  the  sixth 
cervical  vertebne.  In  the  Potoroos,  Kangaroos,  Petaurists,  Pha- 
langers,  Opossums,  and  Dasyures,  this  process  is  remarkablv 
expanded  in  the  direction  of  the  axis  of  the  spine.  In  the  Bandi- 
coots corresponding  processes  are  observed,  progressively  increasing 
in  size,  on  the  fourth,  fifth,  and  sixth  cervical  vertebrae, 

B.  Skull. — The  form  of  the  skull  varies  much  in  different 
Marsupials,  but  it  may  be  said,  in  general  terms,  to  resemble  an 
elongated  cone,  being  terminated  by  a  vertical  plane  surfiioe 
behind,  and  in  most  of  the  species  converging  toward  a  pcMOt 
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Vertebra  dcntaU, 
Didtiphyt  Virginiana. 


Tliird  cervical  vertebra, 
DitUlphyM  Virginiana. 
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anteriorly :  it  is  also  generally  more  depressed  or  flattened  than 
in  the  placental  Mammalia.  The  skull  is  also  remarkable  in  all 
the  Marsupial  genera  for  the  small  proportion  which  is  devoted 
to  the  protection  of  the  brain,  and  for  the  great  expansion  of  the 
nasal  cavity  immediately  anterior  to  the  cranial  cavity. 

In  the  stronger  carnivorous  Marsupials  the  exterior  of  the  cra- 
nium is  characterised  by  bony  ridges  and  muscular  impressions, 
but  in  the  smaller  herbivorous  and  insectivorous  species,  as  the 
Petaurists,  Potoroos,  and  Myrmecobiusy  the  cranium  presents  a 
smoolli  convex  surface  as  in  Birds,  corresponding  with  the  smooth 
unconvoluted  surface  of  the  simple  brain  contained  within,  fig. 
219. 

The  breadth  of  the  skull  in  relation  to  its  length  is  greatest  in 
the  Wombat,*  Ursine  Dasyure,^  and  Petaurists,  in  which  it  equals 
three-fourths  of  the  length,  and  is  least  in  the  Perameles  lagotis^ 
in  which  it  is  less  than  one-half. 

The  occipital  region,  which  is  generally  plane,  and  vertical  in 
position,  forms  a  right  angle  with  the  upper  surface  of  the  skull, 
from  which  it  is  separated  by  an  occipital  or  lambdoidal  crista. 
This  crista  is  least  developed  in  the  Myrmecobius,  Petaurists, 
and  Kangaroos,  and  most  so  in  the 
Thylacine  and  larger  Opossums,  in 
which,  as  also  in  the  Koala,  the 
crest  curves  slightly  backward,  and 
thus  changes  the  occipital  plane 
into  a  concavity  for  the  firm  im- 
plantation of  the  strong  muscles  Pe^„„„p^^.„a^..ocd. 
from  the  neck  and  back. 

The  upper  surface  of  the  skull  presents  great  diversity  of 
character,  which  relates  to  the  different  developement  of  the 
temporal  muscles,  and  the  varieties  of  dentition  in  the  different 
genera. 

The  extinct  Nototherium  offers  the  singular  exception  of  an 
expansion  of  the  facial  part  of  the  skull,  vertically  and  trans- 
versely, from  the  orbits  to  the  terminal  muzzle.' 

In  the  Wombat  the  coronal  surface  offers  an  almost  flattened 
tract  bounded  by  two  slightly  elevated  temporal  ridges,  which 
are  upwards  of  an  inch  apart  posteriorly,  and  slightly  diverge  as 
they  extend  forward  to  the  anterior  part  of  the  orbit  In  the 
skull  of  the  Virginian  Opossum  the  sides  of  the  cranium  meet 
above  at  an  acute  angle,  and  send  upward  from  the  line  of  their 

*  As  15  to  so.  '  As  10  to  14. 

*  Lzzxiu*.  p.  170,  pL  vil. 
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union  a  remarkably  elevated  sagittal  crest,  which,  in  mature 
skulls,  is  proportionally  more  developed  than  in  any  of  the  pla- 
cental Camivora,  not  even  excepting  the  strong-jawed  Hyaena. 
The  Thylacine  and  Dasyures,  especially  the  Ursine  Dasyure,  ex- 
hibit the  sagittal  crest  in  a  somewhat  less  degree  of  developement. 
It  is  again  smaller,  but  yet  well  marked,  in  the  Koala  and  Pera- 
meles.  The  temporal  ridges  meet  at  the  lambdoidal  suture  in  the 
larger  Phalangistcs  and  in  the  Hypsiprymniy  but  the  size  of  the 
muscle  in  these  does  not  require  the  developement  of  a  bony  crest 
In  the  Kangaroo,  the  temporal  ridges,  which  are  very  slightly 
raised,  are  separated  by  an  interspace  of  the  third  of  an  incL 
They  are  separated  for  a  proportionally  greater  extent  in  the 
Petaurists,  especially  Petaurus  Jlaviventer ;  and  in  the  smooth 
and  convex  upper  surface  of  the  skull  of  Petaurus  sciureus.  Pet 
piffmcBuSy  MyrmecobiuSy  the  impressions  of  the  feeble  temporal 
muscles  almost  cease  to  be  discernible. 

The  zygomatic  arches  are,  however,  complete  in  these  as  in  all 
the  other  genera ;  they  are  usually,  indeed,  strongly  developed ; 
but  their  variations  do  not  indicate  the  nature  of  the  food  so 
clearly,  or  correspond  with  the  differences  of  animal  and  vegetable 
diet  in  the  same  degree,  as  in  the  placental  Mammalia.  And 
this  is  not  surprising  when  we  recollect  that  no  Marsupial  ani- 
mal is  devoid  of  incisors  in  the  upper  jaw,  like  the  ordinary 
Ruminants  of  the  placental  series :  accordingly  the  more  com- 
plete dental  system  with  which  the  herbivorous  Kangaroos, 
Potoroos,  Phalangers,  &c.,  are  provided,  and  which  appears  to  be 
in  relation  to  the  scantier  pasturage  and  the  dry  and  rigid  cha- 
racter of  the  herbage  or  foliage  on  which  they  browse,  requires  a 
stronger  apparatus  of  bone  and  muscle  for  the  action  of  the  jaws, 
and  especially  for  the  working  of  the  terminal  teeth.  There  are, 
however,  well-marked  differences  in  this  part  of  the  Marsupial 
skull ;  and  the  weakest  zygomatic  arches  are  those  of  the  Insecti- 
vorous Perameles  and  Acrobates,  in  which  structure  we  may 
discern  a  correspondence  with  the  Edentate  Anteaters  of  the 
placental  series.  Still  the  difference  in  the  developement  of  the 
zygomata  is  greatly  in  favour  of  the  Marsupial  Insectivora. 

The  Hypsiprymni  come  next  in  the  order  of  developement  of 
the  zygomatic  arches ;  which  again  are  proportionally  much 
stronger  in  the  true  Kangaroos.  The  length  of  the  zygomata  in 
relation  to  the  entire  skull  is  greatest  in  the  Koala  and  Wombat 
In  the  former  animal  they  are  remarkable  for  their  depth  and 
straight  and  parallel  course,  as  well  as  for  their  longitudinal  ex- 
tent, fig.  221.    In  the  Wombat,  fig.  220,  they  have  a  considerable 
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curve  outward,  so  as  greatly  to  diminish  the  resemblance  which 
otherwise  exists  in  the  form  of  the  skull  between  this  Marsupial 
and  the  Herbivorous  Rodentia  of  the  placental  series,  as,  e.  g., 
the  Viscaccia. 

In  the  carnivorous  Marsupials  the  outward  sweep  of  the  zygo- 
matic arch,  which  is  greatest  in  the  Tl\ylacine  and  Ursine 
Dasyure,  is  also  accompanied  by  a  slight  curve  upward,  but  this 
curvature  is  chiefly  expressed  by  the  concavity  of  the  lower 
margin  of  the  zygoma,  and  is  by  no  means  so  well  marked  as  in 
the  placental  Carnivora.  It  is  remarkable  that  this  upward  cur- 
vature is  greater  in  the  slender  zygomata  of  the  Perameles  than 
in  the  stronger  zygomata  of  the  Dasyures  and  Opossums.  In 
the  Koala  and  Phalangers  there  is  also  a  slight  tendency  to  the 
upward  curvature  ;  in  the  Wombat  the  outwardly  expanded  arch 
is  horizontal.  In  the  Kangaroo  the  lower  margin  of  the  zygoma 
describes  a  slightly  undulating  curve,  the  middle  part  of  which  is 
convex  downward. 

In  many  of  the  Marsupials,  as  the  Kangaroo,  the  Koala,  some 
of  the  Phalangers,  Petaurists,  and  Opossums,  the  superior  margin 
of  the  zygoma  begins  immediately  to  rise  above  the  posterior 
origin  of  the  arch.  In  the  Wombat  an  external  ridge  of  bone 
commences  at  the  middle  of  the  lower  margin  of  the  zygoma,  and 
gradually  extends  outward  as  it  advances  forward,  and  being 
joined  by  the  upper  margin  of  the  zygoma,  forms  the  lower 
boundary  of  the  orbit,  and  ultimately  curves  downward  in  front 
of  the  antorbital  foramen,  below  which  it  bifurcates  and  is  lost. 
This  ridge  results,  b&  it  were,  from  the  flattening  of  the  anterior 
part  of  the  zygoma,  which  thus  forms  a  smooth  and  slightly  con- 
cave horizontal  platform  for  the  eye  to  rest  upon. 

The  same  structure  obtains,  but  in  a  slighter  degree,  in  the 
Koala.  In  the  Kangaroo  the  anterior  and  inferior  part  of  the 
zygoma  is  extended  downward  in  the  form  of  a  conical  process, 
which  reaches  below  the  level  of  the  grinding-teeth ;  it  is  de- 
veloped from  the  maxillary.  A  much  shorter  and  more  obtuse 
process  is  observable  in  the  corresponding  situation  in  the  Pha- 
langers and  Opossums. 

The  relative  length  of  the  facial  part  of  the  skull  anterior  U) 
the  zygomatic  arches  varies  remarkably  in  the  different  Marsupial 
genera.  In  the  Wombat  it  is  as  six  to  nineteen  ;  in  the  Koala  as 
five  to  fourteen ;  in  the  Petaurus  sciureus  and  Petaurus  Bennettii 
it  forms  about  one-fourth  of  the  entire  skull ;  in  the  Phalangers 
about  one-third ;  in  the  camivoroiiB  DasyureB  and  OpoisimiB  more 
than  one-third ;  in  the  Thyladne  nearly  0(iie4ia]f  {  in  JFerameles^ 
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MacropuSy  and  Hypsiprymnus  murinuSy  the  length  of  the  skull 
anterior  to  the  orbit  is  equal  to  the  remaining  posterior  part ;  but 
in  a  species  from  Van  Dieman's  Land  {Hypsiprymnus  myasunts^ 
Ogilb.),  the  facial  part  of  the  skull  anterior  to  the  orbit  exceeds 
that  of  the  remainder,  and  the  arboreal  Hypsiprymni  from  New 
Guinea  present  a  still  greater  length  of  muzzle.  In  most  Mar- 
supials the  skull  gradually  converges  toward  the  anterior  ex- 
tremity; the  convergence  is  more  sudden  in  the  Petaurists, 
especially  Pet,  Bennettti;  but  in  the  Perameles  lagotis  the  skull 
is  remarkable  for  the  sudden  narrowing  of  the  face  anterior  to 
the  orbits,  and  the  prolongation  of  the  attenuated  snout,  pre- 
serving the  same  diameter  for  upwards  of  an  inch  before  it  finaUv 
tapers  to  the  extremity  of  the  nose.  In  the  Koala  the  corre- 
sponding part  of  the  skull  is  as  remarkable  for  its  shortness  as 
it  is  in  the  Per,  lagotis  for  its  length,  but  it  is  bounded  laterallj 
by  parallel  lines  through  its  whole  extent.  In  nearly  aU  tli 
Marsupials  two  long  parapophyses  project  downward  from  the 
inferior  angles  of  the  occipital  region.  These  processes  are 
longest  in  the  Kangaroos  and  Koala;  in  the  Wombat  thev 
coexist  ^Wth  the  true  mastoids,  which  are  of  larger  size,  fig. 
220,  8.  In  the  Opossums  and  Dasyures  the  paroccipitals  nt 
short  and  obtuse ;  in  Acrobates  they  cease  to  exist,  but  they  are 
present  in  the  larger  Petaurists, 

The  elements  of  the  occipital  neural  arch  remain  longer  dis- 
tinct in  Marsupials  than  in  most  other  Mammals.  In  the  skull 
of  a  half-grown  Thylacine  the  basioccipital  has  coalesced  with 
the  exoccipitals,  which  almost  meet  above  the  foramen  magnum. 
The  lateral  sinus  impresses  the  fore  part  of  each  exoccipital,  and 
then  sinks  into  a  canal  which  communicates  or  opens  into  the 
precondyloid  canal :  from  this  another  canal  extends  forward 
through  the  side  of  the  basioccipital.  The  superoccipital  has 
coalesced  with  the  parietals  and  interparietal.  The  basisphenoid 
has  coalesced  with  the  alisphenoids  and  the  presphenoid,  but 
not  with  the  pterygoids:  it  has  no  *  sella'  nor  clinoid  processes: 
it  is  perforated  by  the  entocarotid  at  its  back  and  outer  an^: 
the  canals  converge  forward  and  slightly  upward,  and  terminate 
above  the  middle  of  the  basisphenoid.  The  alisphenoids  have 
the  foramen  ovale  near  their  posterior  borders:  the  foramen 
rotunduin  is  a  longer  canal.  The  posterior  angles  of  the  aB- 
sphenoid  expand  into  tympanic  hullse:  pterapophyses  are  seot 
off  in  advance  which  join  both  j)terygoids  and  palatines.  The 
parietals  have  coalesced  with  each  other,  with  the  frontal,  witk 
the  interparietal,  and  the  superoccipital.     The   orbitosphencMdi 
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are  very  small ;  their  coalesced  bases  arch  backward  over  the 
optic  nerves  and  presphenoidal  prolongation  of  the  basisphenoid, 
as  in  the  bird,  and  their  under  part  is  grooved  (not  perforated)  by 
the  optic  nerves,  which  escape  by  the  fissura  lacera  anterior. 

The  nasal  portion  of  the  coalesced  frontals  is  more  expanded 
than  the  cerebral  one :  the  frontal  sinuses  extend  to  the  coronal 
suture  and  raise  the  outer  far  above  the  vitreous  table :  in  this 
table  the  frontal  and  coronal  sutures  remain,  but  they  are  obli- 
terated in  the  outer  table.  The  vomer  is  carinate  below.  The 
nasals  are  distinct  from  each  other  and  from  the  frontals :  they 
are  grooved  externally  for  the  premaxillaries.  The  petromastoid, 
tympanic,  and  temporal  bones  continue  permanently  separate, 
though  confluent  ossification  proceeds  to  blend  the  occipital, 
parietal,  and  frontal  into  one  bone.  The  petrosal  is  small,  its 
tentorial  ridge  or  angle  is  sharp,  and  its  cerebellar  fossa  very 
deep,  though  small :  a  branch  of  the  lateral  sinus  perforates  the 
petromastoid  and  the  adjoining  part  of  the  temporal  to  open 
behind  the  root  of  the  zygoma :  the  mastoid  part  is  compressed 
and  abuts  against  the  outer  side  of  the  base  of  the  paroccipital. 
The  tympanic  is  a  simple  scoop-shaped  bone,  or  half-cylinder,  cut 
obliquely.  The  palatine  process  of  the  premaxillary  is  very 
deeply  notched,  and  is  excavated  behind  the  outer  incisor. 

In  the  skull  of  the  mature  Wombat,  fig.  220,  the  exoccipitals 
were  still  unanchylosed  ;  the  left  is  figured  separate  at  8. 

In  the  skull  of  a  Perameles  nasuta  the  exoccipitals  are  sepa- 
rated by  an  interspace,  so  that  a  fissure  is  continued  from  the 
upper  part  of  the  foramen  magnum  to  the  superoccipital  element. 
The  same  structure  may  be  observed  in  the  Great  Kangaroo,  and 
it  is  very  remarkable  in  the  young  skulls  of  this  species.  In  the 
Wombat  the  corresponding  fissure  is  very  wide,  and  the  lower 
margin  of  the  superoccipital  is  notched,  so  that  the  shape  of  the 
foramen  magnum  somewhat  resembles  that  of  the  trefoil  leaf. 
In  the  Opossum,  the  exoccipitals  meet  above  and  complete 
the  foramen  magnum.  The  petrosal  and  mastoid  are  commonly 
confluent.  So  loose  is  the  connection  of  the  tympanic,  that 
without  due  care  it  is  liable  to  be  lost  in  preparing  the  skulls 
of  the  Marsupials.  In  the  Kangaroo  and  Wombat,  it  forms  a 
complete  bony  tube,  fig.  220,  as,  and  in  the  Potoroo  the  bony 
circle  is  incomplete  at  the  upper  part;  in  the  Perameles  and 
Dasyures  the  tympanic  bone  forms  a  semicircle,  the  posterior 
part  being  defiioient,  and  the  tympanic  membrane  being  there 
attached  to  die  miitosd,  as  in  Birds.  In  the  Dasyures,  Petaurists, 
Perameleey  Bsfa    -*iL  «id  Koala,  fig.  221,  c,  there  is  a  large  bulla 
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ossea  for  increasing  the  extent  of  the  auditory  cavity,  formed  by 
the  expansion  of  the  base  of  the  sphenoid.   In  Acrobates  and  Pera- 

X    meles  laffotis,  there  is  also  an 

220  external    dilatation   of  the 

'  ^^^  petrosal,  fig.  222,  16,  which 

'^Jf^^ /^^-^SiS  ^^"®    forms    a    second   and 

'^^i^^^^^fllP'^^^ny^  \  smaller  bulla  on  each  side, 

behind  the  large  bulla  ossea 
formed  by  the  alisphenoid,  b. 
In  other  Marsupials  the  pe- 
trous bone  is  of  small  size, 
generally  limited  to  the 
office  of  protecting  the  parts 
of  the  internal  ear,  and 
sometimes,  as  in  the  Koala, 
is  barely  visible  at  the  ex- 
terior of  the  base  of  the 
skull.  The  mastoid  portion 
appears  in  the  occipital  re- 
gion of  the  skull  of  the 
Koala,  fig.  221,  s,  between 
the  exoccipital  and  squa- 
mous portion  of  the  tempo- 
ral. In  the  Wombat  the 
mastoid  sends  outward  the 
strong  compressed  process, 
fig.  220,  8,  which  terminates 
the  lateral  boundaries  of  the 
occipital  plane  of  the  cra- 
nium ;  but  this  process  is 
entirely  due  to  the  exocd- 
phMcoiomyn.  pitals  iu  thc  Koala,  fig.  221, 

4,  and  other  Marsupials. 
The  auditory  chamber  of  the  ear  is  augmented  in  the  Phalan- 
gers,  the  Koala,  the  Kangaroos,  and  Potoroo,  by  a  continuatioD 
of  air-cells  into  the  base  or  origin  of  the  zygomatic  process ;  but 
the  extent  of  the  bony  air-chambers  communicating  with  the 
tympanum  is  proportionally  greatest  in  the  Flying  OpossmoB, 
where,  besides  the  spheiioid  bulla,  the  mastoid  and  the  whole  ft 
the  zygomatic  process  of  thc  squamosal  are  expanded  to  finrm  air> 
cells  with  very  thin  and  smooth  walls,  fig.  219 
The  direction  of  the  bony  canal  of  the  oijf 
sponds  with  the  habits  of  the  species.     Tb^ 
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outward  and  a  little  forward  in  the  carnivorous  Dasyures ;  out- 
ward and  a  little  backward  in  the  Perameles  and  Phalangers ; 
outward,  backward,  and  upward  in  the  Kangaroos,  and  directly 
outward  in  the  Petaurists  and  Wombat ;  but  the  differences  of 
direction  are  but  slightly  marked  in  these  timid  vegetarians. 

The  squamosal  generally  reaches  half-way  from  the  root  of  the 
zygoma  to  the  sagittal  ridge  or  suture ;  it  is  most  developed  in 
the  Wombat,  in  which  its  superior  margin  describes  a  remarkably 
straight  line.  The  zygomatic  process  is  generally  compressed 
and  much  extended  in  the  vertical  direction  in  the  Opossmn, 
Dasyure,  Phalanger,  Koala,  fig.  221,  27,  and  Kangaroo.  In  the 
Wombat  it  curves  outward  from  the  side  of  the  head  in  the  fonn 
of  a  compressed  and  almost  horizontal  plate,  fig.  220,  27 ;  it  is 
then  suddenly  twisted  into  the  vertical  position,  to  be  received 
into  the  notch  of  the  malar  portion  of  the  arch,  ib.  26.  In  Macro- 
pus  the  back  part  of  the  zygoma  is  perforated  by  a  pneumatic 
foramen  which  receives  air  from  the  tympanum. 

The  cavity  corresponding  to  the  sphenoidal  bulla  ossea  in  other 
Marsupials  is  in  this  species  excavated  in  the  lower  part  of  the 
squamosal  at  the  inner  side  of  the  articular  surface  for  the  lower 
jaw.  This  articular  surface,  situated  at  the  base  of  the  zygomatic 
process,  presents  in  the  marsupial  as  in  the  placental  Mammalia 
various  forms,  each  manifesting  a  physiological  relation  to  the 
structure  of  the  teeth  and  adapted  to  the  required  movement  of 
the  jaws  in  the  various  genera.  In  the  herbivorous  Kangaroo 
the  glenoid  cavity  forms  a  broad  and  slightly  convex  surface,  as 
in  the  Ruminants,  affording  freedom  of  rotation  to  the  lower  jaw 
in  every  direction.  In  the  Phalangers  and  Potoroos  the  articular 
surface  is  quite  plane.  In  the  Perameles  it  is  slightly  convex 
from  side  to  side,  and  concave  from  behind  forward.  In  the 
Wombat  it  is  formed  by  a  narrow  convex  ridge  considerably  ex- 
tended, and  slightly  concave,  in  the  transverse  direction.  This 
ridge  is  not  bounded  by  any  descending  process  posteriorly,  so 
that  the  jaw  is  left  free  for  the  movements  of  protraction  and  re- 
traction. In  the  Koala  the  glenoid  cavity  is  a  transversely  oblong 
depression  with  a  slight  convex  rising  at  the  bottom,  indicating 
rotatory  movements  of  the  jaw.  In  the  carnivorous  Dasyures 
it  forms  a  concavity  still  more  elongated  transversely,  less  deep 
than  in  the  placental  Camivora,  but  adapted,  as  in  them,  to  a 
ginglymoid  motion  of  the  lower  jaw.  In  all  the  genera,  save  in 
the  yfooAmX^  retraction  of  the  lower  jaw  is  opposed  by  a  de- 
Bcendmg  prooali  of  the  temporal  bone  immediately  anterior  to  the 
meatus  sp  Mnic  bone. 


844  ANATOMY  OF  VERTEBRATES. 

different  genera ;  they  are  longest  and  narrowest  in  the  Perameles, 
shortest  and  broadest  in  the  Koala,  fig.  221,  in.  Their  most  cha- 
racteristic structure  is  the  expansion  of  their  upper  and  posterior 
extremity,  which  is  well  marked  in  the  Wombat,  Myrmecobius, 
Petaurists,  Phalangers,  Opossums,  and  Dasyures.  In  the  Po- 
toroos  the  anterior  extremities  of  the  nasal  bones  converge  to 
a  point  which  projects  beyond  the  premaxillaries.  In  the  JPerameUs 
Icujfotis  the  bony  case  of  the  nasal  passage  is  further  increased 
by  the  presence  of  two  small  rostral  bones,  resulting,  as  in  the 
Hog,  from  ossification  of  the  nasal  cartilage. 

The  premaxillaries  always  contain  teeth,  and  the  ratio  of  die 
developement  of  these  bones  corresponds  with  the  bulk  of  the 
dental  apparatus  which  they  support  They  are  consequently 
largest  in  the  Wombat,  where  they  extend  far  upon  the  side  of 
the  face  and  are  articulated  to  a  considerable  proportion  of  the 
nasals,  but  do  not,  as  in  Bodentia,  reach  the  frontal  or  divide  the 
maxillary  bone  from  the  nasal.  They  present  a  somewhat  lower 
degree  of  developement  in  the  Koala,  fig.  221,  22,  but  both  in 
this  species  and  in  the  Wombat  they  bulge  outward,  and  thus 
remarkably  increase  the  transverse  diameter  of  the  osseous  cavity 
of  the  nose.  In  Hypsiprymnus  and  Macropus  the  incisive  palatal 
foramina  are  chiefly  in  the  premaxillaries,  but  a  small  proportion 
of  their  bcfny  circumference  is  due  to  the  anterior  extremity  of 
the  palatal  process  of  the  maxillary :  the  same  structure  obtains 
in  the  Wombat,  Koala,  and  Opossums.  In  the  Dasyures  and 
Phalangers  a  greater  proportion  of  the  posterior  boundary  of  the 
incisive  foramina  is  formed  by  the  maxillaries ;  in  the  Petaurists 
they  are  entirely  surrounded  by  the  maxillary  bones,  while  in  the 
Perameles  they  are,  on  the  contrary,  entirely  included  in  the 
maxillaries.  They  always  present  the  form  of  two  longitudinal 
fissures,  fig.  222,  a. 

The  maxillary y  fig.  221,  21,  in  the  Koala  and  Wombat  sends 
upward  a  long,  narrow,  irregular  nasal  process,  which  joins  the 
frontal  and  nasal  bones,  separating  them  from  the  premaxillaries. 
The  antorbital  foramen  does  not  present  any  marked  variety  of 
size,  which  is  generally  moderate.  It  is  much  closer  to  the  orbit  in 
the  carnivorous  Marsupialia  than  in  the  corresponding  placental 
quadrupeds.  It  is  relatively  largest  in  the  Ursine  Dasyurei»  It 
presents  the  form  of  a  vertical  oblique  fissure  in  the  W^omlMit.  I 
have  observed  it  double  in  the  Kangaroo.  In  this  and  mmm 
other  herbivorous  Marsupials  the  malar  process  of  the 
sends  down  a  process  for  increasing  the  power  and 
masseter  muscle. 
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In  Phalangista  Cookiiy  in  Petaurus  Jlaviventery  and  Petaurus 
sciureus,  in  Macropus  major ^  and  some  other  Great  Kangaroos, 
the  bony  palate  is  of  great  extent  and  presents  a  smooth  surface, 
concave  in  every  direction  toward  the  mouth ;  it  is  pierced  by 
the  two  posterior  palatine  foramina  at  the  anterior  external  angles 
of  the  palatine  bones,  either  within  or  close  to  the  transverse 
palato-maxillary  sutures.  Behind  these  foramina,  in  the  Kan- 
garoo, there  are  a  few  small  irregular  perforations.  The  bony 
palate  is  similarly  entire  in  the  Hypsiprymnus  ursinus.  In 
Macropus  Bennettii  there  are  four  orifices  at  the  posterior  part  of 
the  bony  palate.  The  two  anterior  ones  are  situated  upon  the 
palato-maxillary  suture,  and  are  of  an  ovate  form  with  the  small 
end  forward.  The  two  posterior  foramina  are  of  a  less  regular 
form  and  smaller  size.  In  the  Brush  Kangaroo  {Macropus  Bruniiy 
Cuv.)  the  posterior  palatal  foramina  present  the  form  of  two  large 
fissures  placed  obliquely  and  converging  posteriorly.  They  en- 
croach upon  the  posterior  borders  of  the  maxillary  plate.  Anterior 
to  these  vacancies  there  are  two  smaller  foramina,  and  posterior 
to  them  are  one  or  two  similar  foramina. 

In  the  Potoroos,  Wombat,  and  Koala,  the  posterior  palatal 
openings  are  large  and  oval,  and  situated  entirely  in  the  palatal 
bones.  In  Hyps,  setosus  they  extend  as  far  forward  as  the  inter- 
space between  the  first  and  second  true  molars ;  in  Hyps,  murinus 
they  reach  to  that  between  the  second  and  third  true  molars : 
posterior  and  external  to  these  large  vacuities  there  are  two  small 
perforations.  In  the  Phalangers,  with  the  exception  of  Ph, 
Cookiiy  the  palatal  openings  are  proportionally  larger;  they  ex- 
tend into  the  palatal  process  of  the  maxillaries,  and  the  thin 
bridge  of  bone  which  divides  the  openings  in  the  Potoroo,  &c.,  is 
wanting ;  the  two  perforations  at  the  posterior  external  angles  of 
the  palatine  bones  are  also  present.  In  the  Virginian  Opossum 
the  bony  palate  presents  eight  distinct  perforations,  besides  the 
incisive  foramina;  the  palatal  processes  of  the  palatine  bone 
extend  as  far  forward  in  the  median  line  as  the  third  molars :  a 
long  and  narrow  fissure  extends  for  an  equal  distance  (three  lines) 
into  the  palatal  processes  both  of  the  palatines  and  maxillaries : 
behind  these  fissures  and  nearer  the  median  line  are  two  smaller 
oblong  fissures ;  external  and  a  little  posterior  to  these  are  two 
similar  fissures,  situated  in  the  palato-maxillary  suture ;  lastly, 
there  are  two  round  perforations  close  to  the  posterior  margin  of 
the  bony  palate. 

In  the  Urnne  Daayure  a  large  transversely  oblong  aperture  is 
situated  at  th'^  ?  the  palatol  processes  of  the 
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gista  vulpina.  The  tentorium  is  supported  by  a  thick  ridge  of 
bone  in  the  Thylacine ;  but  it  is  not  completely  ossified  in  any  of 
the  Marsupials :  in  some  species,  indeed,  as  the  Dasyures,  the 
Koala,  and  the  Wombat,  the  bony  crista  above  described  does  not 
exist.  There  is  no  ossification  of  the  falciform  ligament  as  in  the 
Ornithorhynchus. 

The  rhinencephalic  division  of  the  cranial  cavity  is  well  defined 
from  the  prosencephalic  one.  It  is  relatively  smallest  in  the  Koala. 
In  all  Marsupials  it  is  bounded  anteriorly  by  the  cribriform  plate, 
which  is  converted  into  an  osseous  reticulation  by  the  number 
and  size  of  the  olfactory  apertures.  The*  cavity  of  the  nose, 
from  its  great  size  and  the  complication  of  the  turbinal  bones, 
forms  an  important  part  of  the  skull.  It  is  divided  by  a  complete 
bony  septum  to  within  one-fourth  of  the  anterior  aperture;  the 
anterior  margin  of  the  septum  is  slightly  concave  in  the  Koala; 
describes  a  slight  convex  line  in  the  Wombat,  Kangaroo,  and 
Phalanger,  and  a  sigmoid  flexure  in  the  Dasyure,  A  longitudinal 
ridge  projects  downward  from  the  inside  of  each  of  the  nasal 
bones,  and  is  continued  posteriorly  into  the  superior  turbinal; 
this  bone  extends  into  the  dilated  space  anterior  to  the  cranial 
cavity,  which  corresponds  with  the  frontal  sinuses.  The  convo- 
lutions of  the  middle  turbinal  are  extended  chiefly  in  the  axis  of 
the  skull ;  the  processes  of  the  anterior  turbinal  are  arranged 
obliquely  from  below  upward  and  forward.  The  nasal  cavity 
communicates  freely  with  large  maxillary  sinuses,  and  finally 
terminates  by  wide  apertures  behind  the  bony  palate.  In  the 
skull  the  nasal  cavity  communicates  with  the  mouth,  as  before 
mentioned,  by  means  of  the  various  large  vacuities  in  the  palatal 
processes. 

In  the  carnivorous  Marsupials,  as  the  Thylacine,  the  lower 
maxillary  bone  resembles  in  general  form  that  of  the  correspond- 
ing species  in  the  placental  series,  as  the  Dog :  a  similar  transverse 
condyle  is  placed  low  down  near  the  angle  of  the  jaw,  on  a  level 
with  the  series  of  molar  teeth ;  a  broad  and  strong  coronoid  pro- 
cess rises  high  above  the  condyle,  and  is  slightly  curved  back- 
ward ;  there  is  the  same  well-marked  depression  on  the  exterior 
of  the  ascending  ramus  for  the  firm  implantation  of  the  temporal 
muscle,  and  the  lower  boundary  of  this  depression  is  formed  by  a 
strong  ridge  extended  downward  and  forward  from  the  outside  of 
the  condyle.  But  in  the  Dog  and  other  placental  Carnivora  (some 
Seals  excepted),  a  process,  representing  the  angle  of  the  jaw, 
extends  directly  backward  from  the  middle  of  the  above  ridge, 
which  process  gives  precision  and  force  to  the  articulation  of  the 
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jaw,  and  increases  the  power  by  which  the  masseter  acts  upon  the 
jaw.  Now,  although  the  same  curved  ridge  of  bone  bounds  the 
lower  part  of  the  external  muscular  depression  of  the  ascending 
ramus  in  all  the  Marsupials,  it  does  not  in  any  of  them  send 
backward,  or  in  any  other  direction,  a  process  corresponding  to 
that  just  described  in  the  Dog.  The  angle  of  the  jaw  itself, 
in  the  Marsupials,  is  as  if  it  were  bent  inward  in  the  form  of 
a  process,  encroaching  in  various  shapes  and  various  degrees  of 
developement  in  the  different  genera  upon  the  interspace  of  the 
rami  of  the  lower  jaw.  On  looking  directly  upon  the  lower 
margin  of  the  jaw,  we  see,  therefore,  in  place  of  the  margin  of 
a  vertical  plate  of  bone,  a  more  or  less  flattened  triangular  sur- 
face extended  between  the  external  ridge,  and  the  internal  pro- 
cess or  inflected  angle.  In  the  Opossums  the  internal  angular 
process  is  triangular  and  trihedral,  directed  inward,  with  the 
point  slightly  curved  upward,  and  more  produced  in  the  small 
than  in  the  large  species.  In  the  Dasyures  it  has  a  similar  form, 
but  the  apex  is  extended  into  an  obtuse  process.  In  the  Thy- 
lacine  the  base  of  the  inverted  angle  is  proportionally  more 
extended,  and  a  similar  structure  is  presented  by  the  fossil  Phas- 
colothere.  In  the  Perameles  the  angle  of  the  jaw  forms  a  still 
longer  process ;  it  is  of  a  flattened  form  extended 
obliquely  inward  and  backward  and  slightly  curved  ^^^ 
upward.  It  presents  a  triangular,  slightly  incurved, 
and  pointed  form  in  the  Petaurists,  in  which  it  is  longest 
and  weakest  in  the  pigmy  species  (Acrobates,  Desm.). 
It   is  shorter  and  stronger   in  the  MyrmecohiuSj  fig.  u 

223,  a.  In  the  Potoroos  and  Phalangers  the  process  *  ^ 
is  broad  with  the  apex  slightly  developed ;  it  is  bent 
inward  and  bounds  the  lower  part  of  a  wide  and 
deep  depression  in  the  inside  of  the  ascending  ramus. 
In  the  Great  Kangaroo  the  internal  margin  of  this 
process  is  turned  upward,  so  as  to  augment  the  depth 
of  the  internal  depression  above  mentioned.  The  in- 
ternal angular  process  arrives  at  its  maximum  of  de- 
velopement in  the  Wombat,  fig.  220,  a,  and  the  breadth  low^t  j«w. 
of  the  base  of  the  ascending  ramus  very  nearly  equals 
the  height  of  the  same  part.  In  the  Koala  the  size  of  the  process 
in  question  is  also  considerable,  but  it  is  compressed,  and  directed 
backward  with  the  obtuse  apex  only  bending  inward,  so  that  the 
characteristic  flattening  of  the  base  of  the  ascending  ramus  is  least 
marked  in  this  species.  There  is  no  depression  on  the  inner  side  of 
the  ramus  of  the  jaw  in  the  Koala,  but  its  smooth  surface  is  simply 
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pierced  near  its  middle  by  the  dental  nerve  and  artery.  The 
surface  of  the  external  muscular  depression  bounded  below  by  a 
broad  angular  ridge,  as  above  described,  is  entire  in  the  Dasyures, 
Opossums,  Bandicoots,  Petaurists^  and  Phalangers;  but  in  the 
Wombat  the  outer  surface  of  the  ascending  ramus  is  directly 
perforated  by  a  round  aperture  immediately  posterior  to  the  com- 
mencement of  the  dental  canal :  '  the  corresponding  aperture  is 
of  larger  size  in  the  Kangaroo.  But  in  the  Potoroos  both  the 
external  and  internal  depressions  of  the  ascending  ramus  lead 
to  wide  canals,  or  continuations  of  the  wide  depressions  which 
pass  forward  into  the  substance  of  the  horizontal  ramus,  and  soon 
uniting  into  one  passage,  leave  a  vacant  space  in  the  intervening 
bony  septum. 

In  the  Thylacine,  Ursine  Dasyure,  and  the  allied  fossil  carni- 
vores called  Phascolothere,  Thylacoleoi  and  Plagiaulax,*  the  con- 
dyle of  the  lower  jaw  is  placed  low  down,  on  a  level  with  the 
molar  series :  it  is  raised  a  little  above  that  level  in  the  smaller 
Dasyures  and  Opossums,  and  ascends  in  proportion  to  the  vege- 
table diet  of  the  species. 

In  all  those  Marsupials  which  have  few  or  very  small  incisors 
the  horizontal  rami  of  the  jaw  converge  toward  a  point  at  the 
symphysis.  The  angle  of  convergence  is  most  open  in  the 
Wombat,  in  which  the  symphysis  is  longest.  The  suture  be- 
comes obliterated  in  aged  individuals.  In  other  Marsupials,  the 
rami  of  the  lower  jaw  are  less  firmly  united  at  the  symphysis; 
they  permit  independent  movements  of  the  right  and  left  in- 
cisors in  the  Kangaroos:  and  in  the  Opossum,  both  the  rami 
of  the  lower  jaw  and  all  the  bones  of  the  face  are  remarkable 
for  the  loose  nature  of  their  connections. 

C.  Bones  of  the  Limbs. — The  scapula  varies  in  form  in  the 
different  Marsupials.  In  the  Petaurists  it  is  a  scalene  triangle, 
with  the  glenoid  cavity  at  the  convergence  of  the  two  longest 
sides.  In  the  Wombat,  fig.  212,  5i,  it  presents  an  oblong  qua- 
drate figure,  the  neck  being  produced  from  the  lower  half  of 
the  anterior  margin,  and  the  outer  surface  being  traversed  diago- 
nally by  the  spine,  which  in  this  species  gradually  rises  to  a  full 
inch  above  the  plane  of  the  scapula,  and  terminates  in  a  long 
narrow  compressed  acromion  arching  over  the  neck  to  reach  the 
clavicle. 

In  the  Koala  (fig.  224),  the  superior  costa  does  not  run  paraUd 

*  A  brifitlc  is  represented  passing  through  this  aperture  in  fi^,  220. 
«  xvir.pp.  341,  353,  figs.  113,  119,  173. 
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with  the  inferior,  a,  rf,  but  recedes  from  it  as  it  advances  forward, 
and  then  passes  down,  forming  an  obtuse  angle,  e,  and  with  a  gentle 
concave  curvature,  to  the  neck  of  the  scapula ;  a  small  process  ex- 
tends from   the  middle  of  this  curvature. 
In  the  Potoroo,  the  upper  costa  is  at  first  ^^* 

parallel  with  the  lower,  but  this  parallel 
part  is  much  shorter;  the  remainder  de- 
scribes a  sigmoid  flexure  as  it  approaches 
the  neck  of  the  scapula.  In  the  Great  Kan- 
garoo, the  Perameles,  Phalangers,  Ojws- 
sums,  and  Dasyures,  the  whole  upper  costa 
of  the  scapula  describes  a  sigmoid  curve, 
the  convex  posterior  position  of  which  varies 
as  to  its  degree  and  extent.  The  sub- 
scapular surface  is  remarkable  in  the  Pera- 
meles for  its  flatness,  but  presents  a  shal-  scapuia  of  Koaia. 
low  groove  near  the  inferior  costa.  In 
most  other  Marsupials  it  is  more  or  less  convex  or  undulating. 

In  the  Kangaroos,  fig.  211,  the  supraspinal  fossa  is  of  less  ex- 
tent than  the  space  below  the  spine,  and  the  spine  is  inclined 
upward.  In  the  Perameles  and  Dasyures  the  proportions  of  the 
supra-  and  infra-spinal  surfaces  are  reversed,  and  the  whole  spine 
is  bent  downward  over  the  infraspinal  surface.  In  the  Potoroos 
and  Phalangers  the  acromion  is  bent  downward  so  as  to  pre- 
sent a  flattened  surface  to  the  observer ;  in  the  Potoroos  and 
Opossums  this  appearance  is  produced  by  a  true  expansion  of  the 
acromion.  In  the  Perameles  the  coracoid  process  is  merely  re- 
presented by  a  slight  production  of  the  superior  part  of  the 
glenoid  cavity.  In  the  Kangaroo  and  Potoroo  it  forms  a  protu- 
berance on  the  upper  part  of  the  head  of  the  scapula.  In  the 
other  Marsupials  it  assumes  the  character  of  a  distinct  process 
from  the  same  part,  and  attains  its  greatest  developement  in  the 
Wombat  and  Koala,  in  the  latter  of  which  it  is  forcibly  curved 
downward  and  inward,  fig.  224,  o. 

The  clavicles  are  present  in  all  the  Marsupials,  with  the  ex- 
ception of  the  genus  Perameles  and  probably  also  the  Chteropus. 
In  the  claviculate  Marsupials  they  are  relatively  strongest  and 
longest  in  the  burrowing  Wombat,  weakest  and  shortest  in  the 
Great  Kangaroo.  In  the  latter  they  are  simply  curved  with  the 
convexity  forward,  and  measure  only  two  inches  in  length.  In 
the  Wombat  they  are  upwards  of  three  inches  in  lengthy  and 
have  a  double  curvature ;  they  are  expanded  and  obliqv 
cate  at  the  sternal  extremity,  where  the  articular  siirfiu 
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a  remarkably  deep  notch ;  they  become  compressed  as 
o  proach  the  acromion,  to  which  they  are  attached  by  an  ( 

j  narrow  articular  surface. 

I  \   .  In  the  Koala  the  cla^dcles  are  also  very  strong,  but  m 

pressed  than  in  the  Wombat,  bent  outward  in  their  who! 
and  the  convex  margin  formed,  not  by  a  continuous  ci: 
by  three  almost  straight  lines,  with  intervening  angles ; 
sively  diminishing  in  extent  to  the  outermost  line  whi< 
the  articular  surface  with  the  acromion.  In  the  Myn 
the  cla\dcles  are  subcompressed  and  more  curved  at  the 
than  at  the  sternal  end.  In  most  of  the  other  Marsu 
clavicle  is  a  simple  compressed  elongated  bone,  with  one 
outward  curvature. 

The  humerus  in  most  Dasyures  resembles  that  of  the  I 

in  the  imperforate  condition  of  the  inner  condyle,  but  < 

'  the  more  marked  developement  of  the  muscular  ridges,  e 

of  that  which  extends  upward  from  the  outer  condyle  for  t 

•   of  the  great  supinator  muscle.     This  ridge  is  terminated 

by  the  smooth  tract  for  the  passage  of  the  musculo-spira! 

In  all  the  other  genera  of  Marsupials  that  I  have  exan 

internal  condyle  of  the  humerus  is  perforated.       But 

VJL  species  of  PetauruSy  as  Petaurus  sciureus,  the  foramen 

sented  by  a  deep  notch;  and  in  the  Phalanffista  Cod 
foramen  and  notch  are  wanting. i  The  ridge  above  the 
condyle  is  much  developed  in  the  Petaurus  macrurus  and 

i)|  and  notched  at  its  upper  part,  but  this  notch  does  not 

PeL  taguanoides,  I  find  similar  differences  in  the  devel 
of  the  supinator,  or  outer  ridge,  in  the  genus  Perameles 
Per.  lagotis  it  is  bounded  above  by  a  groove ;  in  I^er.  Gu\ 
less  developed  and  less  defined.  In  the  Kangaroos,  I 
Wombat,  and  Koala  (fig.  225),  the  outer  condyloid  ri 
tends  in  the  form  of  a  hooked  process  above  the  groove 
radial  nerve.  In  all  these,  and  especially  in  the  Worn 
y  E  deltoid  process  of  the  humerus,  fig.  212,  53,  is  strongly  dei 

•^1  it  is  continued  from  the  external  tuberosity  down  the  up 

of  the  humerus ;  except  in  the  Petaurists,  where,  from  th€ 
relative  length  of  the  humerus,  it  is  limited  to  the  upp< 
The  interspace  of  the  condyles  is  occasionally  perforate 
the  Perameles  lagotis  and  Wombat.  The  articular  sui 
both  extremities  of  the  humerus  have  the  usual  form  ;  bu 


■F 


\ 


if-.. I  1 

the 
foratcd  ;  and  in  one  Ursine  Dasyure  in  the  left  humerus,  but  not  in  the  tigt 


In  the  other  Fpccies  of  PhaJangista,  arid  in  the  Petaurus  tagnanoides  and 
the  internal  condyle  of  ihc  humerus  is  perforated.     In  a  Thylacine  I   foi 
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be  observed  in  some  Marsupials,  as  the  Koala,  that  at  the  distal 
articulation  the  external  convexity  for  the  radius  has  a  greater 
relative  extent  than  usual,  and  the  ulnar  concavity 
is  less  deep. 

The  bones  of  the  fore-arm  are  always  distinct  and 
well  developed,  and  their  adaptation  to  pronation 
and  supination  is  complete.  The  prehen»le  faculty 
and  unguiculate  structure  of  the  anterior  extre- 
mities appear  to  have  been  indispensable  to  ani- 
mals where  various  manipulations  were  required  in 
the  economy  of  the  marsupial  pouch.  When, 
therefore,  such  an  animal  is  destined  like  the  rumi- 
nant to  range  the  wilderness  in  quest  of  pasturage, 
the  requisite  powers  of  the  anterior  members  are 
retained  and  secured  to  it,  as  has  been  already 
observed,  by  an  enormous  developement  of  the 
hinder  extremities,  to  which  the  function  of  loco- 
motion is  restricted. 

We  find,  therefore,  that  the  bones  of  the  fore- 
arm of  the  Kangaroo  differ  little  from  those  of  the 
burrowing  Wombat,  the  climbing  Koala,  or  the  carnivorous 
Dasyure,  save  in  relative  size.  They  present  the  greatest  propor- 
tional strength  in  the  Wombat,  and  the  greatest  proportional 
length  and  slenderness  in  the  Petaurists  or  Flying  Opossums, 
in  which  the  radius  and  ulna  are  in  close  contact  through  a  great 
portion  of  their  extent,  and  thus  lend  a  firmer  support  to  the 
outstretched  dermal  parachute.  They  are  also  long  and  slender 
in  the  Koala.  In  general  the  radius  and  ulna  run  nearly  parallel, 
and  the  interosseous  space  is  very  trifling.  It  is  widest  in  the 
Potoroos.  The  olecranon  is  well  developed  in  all  the  Marsupials. 
In  the  Virginian  Opossum  and  Petaurists  we  find  it  more  bent 
forward  upon  the  rest  of  the  ulna,  than  in  the  other  Marsupials. 
In  the  Wombat,  where  the  acromion  is  the  strongest,  and  rises  an 
inch  and  a  half  above  the  articular  cavity  of  the  ulna,  it  is  ex- 
tended in  the  axis  of  the  bone.  The  distal  end  of  the  radius  in 
this  animal  is  articulated  to  a  bone  representing  the  os  scaphoides 
and  OS  lunare. 

The  ulna,  which  in  the  same  animal  converges  toward  a  point 
at  its  distal  end,  has  that  point  received  in  a  depression  formed  by 
the  cuneiform  and  pisiform  bones ;  these  are  bound  together  by 
strong  ligaments,  and  the  pisiform  then  extends  downward  and 
backward  for  two-thirds  of  an  inch.  The  second  row  of  the 
carpus  consists  of  five  bones.     The  trapezium  supports  the  inner 
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digit,  and  has  a  small  sesamoid  bone  articulated  to  its 
surface.  The  trapezoides  is  articulated  to  the  index  digit, ; 
wedged  between  the  scapholunar  bone  and  os  m^nom 
forms  an  oblique  articular  surface  for  the  middle  digit ;  bi 
largest  of  the  second  series  of  carpal  bones  is  the  cuneiform, 
sends  downward  an  obtuse  rounded  process,  and  receiTC 
articular  surface  of  the  fifth,  and  the  outer  half  of  that  c 
fourth  digit,  the  remainder  of  which  abuts  against  the  ol 
proximal  extremity  of  the  middle  metatarsal  bone.  Th< 
metacarpal  bones  are  all  thick  and  short,  but  chiefly  B( 
outermost.  The  innermost  digit,  or  pollex,  has  two  phalli 
the  remainder  three;  the  ungual  phalanx  of  all  the  dig 
conical,  curved,  convex  above,  expanded  at  the  base,  and  s 
at  the  opposite  extremity.  In  the  Perameles  the  ungual  ph 
of  the  three  middle  digits  of  the  hand,  and  of  the  two  outer 
of  the  foot,  are  sj)lit  at  the  extremity  by  a  longitudinal  £ 
commencing  at  the  upper  part  of  the  base.  This  structure,  i 
characterises  the  ungual  phalanges  in  the  placental  Ante 
has  not  been  hitherto  met  with  in  other  Marsupial  genera.^ 
terminal  phalanges  of  the  Koala  are  large,  much  compi 
and  curved ;  the  concave  articular  surface  is  not  situate 
in  the  Cats,  on  the  lower  part  of  the  proximal  end,  bi 
in  the  Sloths,  at  the  upper.  The  claws  which  they  suppo 
long. 

In  the  Great  Kangaroo  the  first  row  of  the  carpus  is  com] 
as  in  the  Wombat,  of  three  bones,  but  the  apex  of  the 
rotates  in  a  cavity  formed  exclusively  by  the  cuneiforme.  ' 
are  four  bones  in  the  second  row ;  of  which  the  unciform  is  1 
the  largest,  and  supports  a  ])art  of  the  middle,  as  well  as  th 
outer  digits.  In  the  Potoroos  I  find  but  three  bones  in  the 
series  of  the  carjjus,  the  trapezoides  being  wanting,  and  its 
in  one  species  being  occupied  by  the  proximal  end  of  the  st 
metacarpal  bone,  which  articulates  with  the  os  magnum.  I 
Perameles  there  are  four  bones  in  the  second  carpal  row,  tAth 
the  hand  is  less  perfect  in  this  than  in  any  other  Man 
genus,  Chceropus  excepted,  the  three  middle  toes  only  being 
developed.  In  the  Petaurus  the  carpus  is  chiefly  remarkab 
the  length  of  the  pisiforme. 

It  would  be  tedious  to  dwell  on  the  minor  diflerences  obser 
in  the  bony  structure  of  the  hand  in  other  Marsupials,  I 
therefore  only  observe  that  though  the  inner  digit  is  not  siti 

*  It  would  be  instructive  to  examine  the  skeleton  of  the  rare   Chetmpm 
reference  to  this  structure. 
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like  a  thumb,  all  the  fingers  enjoy  lateral  motion,  and  that 
those  at  the  outer  can  be  opposed  to  those  at  the  inner  side  so 
as  to  grasp  an  object  and  perform,  in  a  secondary  degree,  the 
function  of  a  hand.  In  the  Koala  the  two  inner  ^gits  are  more 
decidedly  opposed  to  the  three  outer  ones  than  in  any  other 
climbing  Marsupial.  But  some  of  the  Phalangers,  as  the  Ph. 
Cookii  and  Ph.  gliriformis  of  Bell,  present  in  a  slighter  degree 
the  same  disposition  of  the  fingers,  by  which  two  out  of  the  five 
have  the  opposable  properties  of  a  thmnb.  I  have  observed  a 
similar  disposition  of  the  digits  in  the  act  of  climbing  in  the 
Dormouse,  and  it  probably  is  not  uncommon  in  other  placental 
Manunalia  of  similar  habits  and  which  have  long,  slender,  and 
freely  moveable  fingers.  As  a  permanent  disposition  of  the  digits, 
the  opposition  of  three  to  two  is  most  conspicuous  in  the  prehensile 
extremities  of  the  Chameleon. 

The  pelvis,  figs.  152,  226,  227,  in  the  mature  Marsupials  is 
composed  of  the  os  sacrum,  the  two  ossa  innominata,  and  the 
characteristic  supplemental  bones,  attached  to  the  pubis,  called 
by  Tyson  the  ossa  marsupialia  or  Janitores  Marsupiiy  m. 

We  seek  in  vain  for  any  relationship  between  the  size  of  the 
pelvis  and  that  of  the  new-bom  young,  the  minuteness  of  which 
is  so  characteristic  of  the  present  tribe  of  animals.  The  diameters 
both  of  the  area  and  apertures  of  the  pelvic  canal  are  always  con- 
siderable, but  more  especially  so  in  those  Marsupialia  which  have 
the  hinder  extremities  disproportionately  large;  as  also  in  the 
Wombat,  where  the  pelvis  is  remarkable  for  its  width.  The 
pelvis  is  relatively  smallest  in  the  Petaurists ;  but  even  here  the 
diameter  of  the  outlet  is  at  least  six  times  that  of  the  head  of  the 
new-bom  young.  The  anterior  bony  arches  formed  by  the  ossa 
pubis  and  the  ischia  are  always  complete,  and  the  interspace 
between  these  arches  is  divided,  as  in  other  Mammalia,  into  the 
two  obturator  foramina  by  an  osseous  bridge  continued  from  the 
pubis  to  the  ischium  on  each  side  of  the  symphysis. 

In  the  Kangaroos,  Potoroos,  Phalangers,  and  Opossums,  the 
ilia  offer  an  elongated  prismatic  form.  They  are  straight  in  the 
Opossum,  but  gently  curved  outward  in  the  other  Marsupial 
genera.  In  the  Dasyures  there  is  a  longitudinal  groove  widening 
upward  in  place  of  the  angle  at  the  middle  of  the  exterior  sur- 
face of  the  ilium.  The  ilia  ia  the  Petaurists  are  simply  compressed, 
with  an  almost  trenchant  anterior  margin.  Thej  are  broader  and 
flatter  in  the  Perameles,  and  their  {dane  is  tonied  oatward.  But 
the  most  remarkable  form  of  the  9ia  r  » in  which 

they  are  considerably  bent  oatwi  xtaremity. 
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fig.  226,  62.  In  the  Kangaroos  and  Potoroos  the  eye  is  arrested 
by  a  strong  process  given  off  from  near  the  middle  of  the  ilio- 
pubic ridge,  and  this  process  may  be  ob- 
served less  developed  in  the  other  Mar- 
supialia.  The  tuberosity  of  the  ischia 
inclines  outward  in  a  very  slight  d^ree 
in  the  Dasyures,  Opossums,  Phalangers, 
Petaurists,  and  Perameles,  in  a  greater 
degree  in  the  Kangaroos  and  Potoroos, 
and  gives  off  a  distinct  and  strong  obtuse 
process  in  the  Wombat,  fig.  226, 6a,  which 
not  only  extends  outward  but  is  curved 
forward.  In  the  Potoroos  the  symphy- 
sis of  the  ischia,  or  the  lower  part  of 
what  is  commonly  called  the  symphysis 
pubis,  is  produced  anteriorly.  The  length 
of  this  symphysis,  and  the  straight  line 
formed  by  the  lower  margin  of  the  ischia, 
is  a  characteristic  structure  of  the  pelvis 
in  most  of  the  Marsupials. 

The  marsupial  bones,  figs.  226, 227,  m, 
are  elongated,  flattened,  and  more  or  less 
curved,  expanded  at  the  proximal  extre- 
mity, which  sometimes,  as  in  the  Wombat, 

Right  M  innomlnatum  and  marsupial  Jg   articulatcd    tO  the  Dubis  bv  tWO  DOiutS  : 
bone.  Wombat.  i      •       i  •    i  t 

they  are  relatively  straightest  and  most 
slender  in  the  Perameles ;  shortest  in  the  Myrmecobius,  where  they 
do  not  exceed  half  an  inch  in  length ;  longest,  flattest,  broadest,  and 
most  curved  in  the  Koala,  where  they  nearly  equal  the  iliac  bones 
in  size.  They  are  always  so  long  that  the  cremaster  muscle  winds 
round  them  in  its  passage  to  the  testicle  or  mammary  gland,  and 
the  uses  of  these  bones  will  be  described  in  treating  of  that 
muscle.  Homologically  they  are  the  last  pair  of  lumbar  hasma- 
pophysea  advanced,  as  in  many  Reptiles,  from  the  sclerous  to  the 
osseous  states :  teleologically  they  belong  to  the  category  of  the 
trochlear  ossicles,  commonly  called  sesamoid,  and  are  developed  in 
the  tendon  of  the  external  oblique  which  forms  the  mesial  pillar 
of  the  abdominal  ring,  as  the  patella  is  developed  in  the  tendon  of 
the  rectus  femoris.  I  cannot,  however,  participate  in  the  opinion 
of  Laurent  and  De  Blainville,*  that  the  marsupial  bones  are  super- 
added to  the  abdominal  muscles  to  aid  in  an  unusually  energetic 

>  'Bulletin  des  Sciences  M^dicales*  of  F^nitsac,  1827,  No.  77,  p.  112,  and  the 
•  Annalet  d'Anat.  et  de  Physiologie,*  1839,  p.  240. 
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Compression  required  to  expel  the  uterine  foetus.  It  is  not  in  iiie 
females  of  those  animals  which  give  birth  to  the  smallest  young 
that  we  should  expect  to  find  . 

auxiliary  parts  for  increasing 
the  power  of  the  muscles  en- 
gaged in  parturition.  The 
bones  in  question  are,  more- 
over, equally  developed  in  both 
sexes :  and  they  are  so  situated 
and  attached  that  they  add  to 
the  power  of  the  muscles  which 
wind  round  them,  and  not  of 
those  implanted  in  them.  They 
are  not,  however,  merely  sub- 
servient to  add  force  to  the 
action  of  the  *  cremasteres,'  but 
give  origin  to  a  great  propor- 
tion of  the  so-called  *  pyrami- 
dales.'  * 

The  osteogenesis  of  the  mar- 
supial pelvis  derives  some  ex- 
trinsic interest  from  the  not  yet  forgotten  speculations  which  have 
been  broached  regarding  the  homologies  of  the  marsupial  bones. 
These  have  been  conjectured  to  exist  in  many  of  the  placental  Mam- 
malia, with  a  certain  latitude  of  altered  place  and  form,  disguised, 
e.g.,  as  the  bone  of  the  penis  in  the  Camivora,  or  appearing  as 
the  supplemental  ossicles  of  the  acetabulum,  which  exist  in  the 
young  of  many  of  the  Rodentia.  In  the  os  innominatum  of  the 
immature  Potoroo  the  curved  prismatic  ilium  contributes  to  form, 
by  the  outer  part  of  its  base,  the  upper  or  anterior  third  of  the 
acetabulum ;  the  rest  of  the  circumference  of  this  cavity  is  com- 
pleted by  the  ischium  and  pubis,  excepting  a  small  part  of  the 
under  or  mesial  margin,  which  is  formed  by  a  distinct  ossicle  or 
epiphysis  of  the  ilium  (a,  fig.  152),  answering  to  that  described 
by  Geofiroy  St.  Hilaire  as  the  rudimental  marsupial  bone  in  the 
Rabbit.  Now  here  there  is  a  coexisting  marsupial  bone :  but 
besides  the  five  separate  bones  just  mentioned,  there  is  a  sixth 
distinct  triangular  ossicle,  which  is  wedged  into  the  posterior 
interspace  of  the  ischiopubic  symphysis.  The  circumference  of 
the  acetabulum  is  always  interrupted  by  a  deep  notch  opposite 
the  obturator  foramen,  which  is  traversed  by  a  ligamentous  bridge, 

*  Sco  the  abstract  of  a  paper  on  the  anatomy  of  the  Datyunts,  Proc.  Zool.  Soc 
January,  1835. 


358  ANATOMY   OF   VERTEBRATES. 

and  gives  passage  to  the  vessels  of  the  Harderian  gland  lodged  in 
the  wide  and  deep  acetabular  fossa. 

The  femur  is  a  straight,  or  nearly  straight,  long,  cylindrical 
bone,  having  a  hemispherical  head  supported  on  a  very  short 
neck,  especially  in  the  Petaurists,  and  situated  here  almost  in  the 
axis  of  the  shaft,  above  and  between  the  two  trochanters,  whicdi 
are  nearly  of  equal  size.  In  the  Kangaroos  and  Potoroos  tiie 
head  of  the  thigh-bone  is  turned  more  inward,  and  the  outer  or 
greater  trochanter  rises  above  it.  In  other  Marsupials  the  great 
trochanter  is  less  developed.  In  most  of  the  species  a  strong 
ridge  is  continued  downward  to  within  a  short  distance  from  the 
trochanter,  and  this  ridge  is  so  produced  at  the  lower  part  in  the 
Wombat  as  almost  to  merit  the  name  of  a  third  trochanter.  In  the 
Wombat  and  Koala  there  is  no  depression  for  a  ligamentum  teres. 
The  shaft  of  the  bone  presents  no  linea  aspera. 

The  canal  for  the  nutrient  artery  commences  at  the  upper  third 
and  posterior  part  of  the  bone  in  the  Koala,  and  extends  down- 
ward, contrariwise  to  that  in  most  other  marsupial  and  placental 
Mammalia. 

At  the  distal  extremity  of  the  femur  the  external  condyle  is 
the  largest,  the  internal  rather  the  longest.  The  intermediate 
anterior  groove  for  the  patella  is  well  marked  in  the  Perameles, 
where  the  patella  is  fully  developed,  but  is  broad  and  very  shallow 
in  the  Phalangers  and  Dasyures,  where  the  tendon  of  the  rectus 
muscle  is  merely  thickened  or  offers  only  a  few  irregular  specks 
of  ossification ;  and  the  corresponding  surface  in  the  Petaurists, 
Wombat,  and  Koala  is  almost  plane  from  side  to  side ;  in  these 
Marsupials  and  in  the  Myrmecobius  the  patella  is  wanting.  I 
find  a  distinct  but  small  bony  patella  in  the  Macropus  Bennettiu 
There  is  a  sesamoid  bone  above  and  behind  the  external  condyle 
of  the  femur  in  the  Myrmecobius  and  some  other  Marsupials. 

In  the  knee-joint,  besides  the  two  crucial  ligaments  continued 
from  the  posterior  angles  or  cresses  of  the  semilunar  cartilages  — 
one  to  the  outer  side  of  the  inner  condyle,  the  other  to  the  inter- 
space of  the  condyles — there  is  a  strong  ligament  which  passes 
from  the  anterior  part  of  the  tibial  protuberance  backward  to 
the  inner  side  of  the  fibular  condyle,  and  a  second  continued  from 
the  same  point  along  the  outer  margin  of  the  outer  semilunar 
cartilage  to  the  head  of  the  tibia. 

The  Hhia,  fig.  228,  66,  presents  the  usual  disposition  of  the  arti- 
cular surface  for  the  condyles  of  the  femur,  but  in  some  genera, 
as  the  Wombat  and  Koala,  the  outer  articular  surface  is  con- 
tinuous with  that  of  the  head  of  the  fibula.     In  the  Kangaroos 
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and  Potoroos  the  anterior  part  of  the  head  is  much  produced, 
and  in  the  young  animal  its  ossification  commences  by  a  centre 
distinct  from  the  ordinary  proximal  epiphysis  of  the  bone.  A 
strong  ridge  is  qontinued  down  from  this  protuberance  for  about 
one-sixth  the  length  of  the  tibia.  In  the  Koala  a  strong  tube- 
rosity projects  from  the  anterior  part  of  the  tibia  at  the  junction 
of  the  upper  with  the  middle  third.  In  this  species  and  in  the 
Wombat,  as  also  in  the  Opossums,  Dasyures,  Phalangers,  and 
Petaurists,  the  shaft  of  the  tibia  is  somewhat  compressed  and 
twisted;  but  in  the  Kangaroos,  Potoroos,  and  Perameles  the 
tibia  is  prismatic  above  and  sub-cylindrical  below.  The  internal 
malleolus  is  very  slightly  produced  in  any  Marsupial,  but  most  so 
in  the  Wombat. 

The  Jibulay  ib.  67,  is  complete,  and  forms  the  external  malleolus 
in  all  the  Marsupials.  In  one  species  of  Hypsiprymnus  and  in  one 
species  of  Perameles  {P.  lagotis)  it  is  firmly  united  to  the  lower 
part  of  the  tibia,  though  the  line  of  separation  be  manifest  exter- 
nally. In  a  second  species  of  each  of  the  above  genera  it  is  in 
close  contact  with  the  corresponding  part  of  the  tibia,  but  can  be 
easily  separated  from  that  bone.  In  the  Great  Kangaroo  the 
fibula  is  also  a  distinct  bone  throughout,  but  it  is  remarkably 
thinned  and  concave  at  its  lower  half,  so  as  to  be  adapted 
to  the  convexity  of  the  tibia,  with  which  it  is  in  close  attach- 
ment In  each  of  these  genera,  therefore,  in  which  locomotion 
is  principally  performed  by  the  hinder  extremities,  we  perceive 
that  their  osseous  structure  is  so  modified  as  to  insure  a  due  de- 
gree of  fixity  and  strength  ;  while  in  the  other  Marsupial  genera, 
as  PhascolarctoSy  Phascolomys^  Phalangista,  PetauruSy  Didelphys^ 
and  Dasyurusy  the  tibia  and  fibula  are  so  loosely  connected  toge- 
ther and  with  the  tarsus,  that  the  foot  enjoys  a  movement  of  rota- 
tion analogous  to  the  pronation  and  supination  of  the  hand.  This 
property  is  especially  advantageous  in  the  Petaurists,  Phalangers, 
Opossums,  and  Koala,  because  in  these  the  inner  toe  is  so  placed 
and  organised  as  to  perform  the  office  of  an  opposable  thumb, 
whence  these  Marsupials  have  been  termed  Pedimanay  or  foot- 
handed  (fig.  228). 

It  is  to  this  prehensile  power  that  the  modifications  of  the  fibula 
chiefly  relate.  In  the  Wombat,  fig.  212, 67,  Koala,  Petaurists,  and 
Phalangers,  it  expands  to  nearly  an  equal  size  with  the  tibia,  66,  at 
the  distal  extremity,  and  takes  a  large  share  in  the  formation  of  the 
tarsal  joint ;  but  the  articular  surface  is  slightly  convex,  while 
that  of  the  tibia  is  slightly  concave.  The  proximal  extremity  of 
the  fibula  is  also  much  enlarged,  but  compressed  and  obliquely 
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truncated,  and  giving  off  two  tuberosities  from  its  exterior  sui 
to  the  superior  of  these  a  large  sesamoid  bone,  fig.  228,  ef, 
ticulated ;  a  similar  sesamoid  '  fabella'  is  attached  to  the  uppe 
of  the  fibula  in  a  Dasyurus  macrurus  and  I^etaurus  taguan 
M.  Temminck  figures  it  in  the  Didelphys  ursina  and  Dide 

Philander,  This  sesamoid  and  tl 
panded  process  to  which  it  is  atti 
^  form  the  homotype  of  the  olecr 
fig.  212,  55;  and  the  correspom 
of  the  fibula  with  the  idna  is 
remarkably  maintained  in  the 
taguanoidesy  in  which  the  pro: 
articular  surface  of  the  fibula  is 
ded  into  two  facets,  one  playing 
the  outer  condyle  of  the  femur 
other  concave,  vertical,  and  recc 
an  adapted  convexity  on  the  ' 
side  of  the  head  of  the  tibia,  ^ 
rotates  thereupon  like  the  radi 
the  lesser  sigmoid  cavity  of  the 
In  the  scansorial  and  grada 
Marsupials  the  bones  of  the  h 
and  fore  extremities  are  of  n 
equal  length,  but  in  the  salt 
si)ecies  the  disproportion  in  th< 
velopement  of  the  bones  of  the 
leg  is  very  great,  especially  ii 
Kangaroos  and  Potoroos,  fig. 
However,  in  those  singular  sj 
of  Hypsiprymnus  which  inhabit 
Guinea  and  take  refuge  in  treet 
organisation  of  the  Kangaroo  u 
diiied  and  adapted  so  as  to  i 
climbing  a  possible  and  easy  a( 
The  fore  and  hind  legs  are  here  more  equally  developed,  ani 
claws  on  the  two  larger  toes  of  the  hind  feet  are  curved  inste 
straight.  In  a  skeleton  of  one  of  these  scansorial  Potorooe 
Hypsiprymnus  ursinus,  in  the  Museum  at  Leyden,  in  whid 
humerus  is  three  inches  and  a  half  long,  the  femur  does  not  < 
equal  five  inches  in  length :  the  ulna  is  nearly  four  inches 
fibula  nearly  five  inches  in  length.  The  fibula  is  also  leas  fi 
connected  with  the  tibia  than  in  the  Great  Kangaroo. 

The  following  is  the  structure  of  the  tarsus  in  the  Wbi 
and  Phalanger,  fig.  228.    The  astragalus,  a,  is  connected  as  i 


Bones  of  the  leg  and  foot,  PhtilanuisUt. 
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with  the  tibia,  fibula,  calcaneum,  c,  and  naviculare,  n.  The  upper 
articular  surface  for  the  tibia  is  as  usual  concayo-conyex,  the  in- 
ternal surface  for  the  inner  malleolus  flattened  and  at  right  angles 
with  the  preceding,  but  the  outer  articular  surface  presents  a  tri- 
angular flattened  form,  and  instead  of  being  bent  down  parallel 
with  the  inner  articular  surface,  slopes  away  at  a  very  open  angle 
from  the  upper  surface,  and  receives  the  articular  surface  of  the 
fibula,  67,  so  as  to  sustain  its  vertical  pressure.  A  small  propor- 
tion of  the  outer  part  of  the  inferior  surface  of  the  astragalus 
rests  upon  the  calcaneum :  a  greater  part  of  the  superincumbent 
pressure  is  transmitted  by  a  transversely  extended  convex  anterior 
surface  to  the  naviculare,  w,  and  cuneiform  bones,  i,  e.  This 
form  of  the  astragalus  is  also  characteristic  of  the  Koala,  Petau- 
rists,  Dasyures,  and  the  Pedimanous  Marsupials  generally.  In 
the  Kangaroos,  Potoroos,  and  Perameles  which  have  the  pedes 
saltatorii,  the  fibular  articular  surface  of  the  astragalus  is  bent 
down  as  usual  at  nearly  right  angles  with  the  upper  tibial  surface. 

The  calcaneum  in  the  Wombat  presents  a  ridge  on  the  outer 
surface  which  serves  to  sustain  the  pressure  of  the  external  mal- 
leolus, which  is  not  articulated  to  the  side  of  the  astragalus.  The 
internal  surface  which  joins  the  astragalus  is  continuous  vnth 
the  anterior  slightly  concave  surface  which  articulates  with  the 
cuboides.  The  posterior  part  of  the  bone  is  compressed,  it  pro- 
jects backward  for  nearly  an  inch,  and  is  slightly  bent  down- 
ward and  inward.  This  part  is  relatively  shorter  in  the  Koala, 
Phalangers,  Opossums,  and  Petaurists,  but  it  is  as  strongly  de- 
veloped in  the  Dasyuri  as  in  the  Wombat.  The  anterior  part  of 
the  calcaneum  of  the  Phalangers  is  shown  at  c,  fig.  228. 

In  the  Dasyurus  macrurus  a  small  sesamoid  bone  is  wedged 
in  between  the  astragalus,  tibia,  and  fibula  at  the  back  part  of 
the  ankle-joint.  In  the  Petaurus  taguanoides  there  is  a  supple- 
mental tarsal  bone  wedged  in  between  the  naviculare  and  cuboides 
on  the  plantar  surface. 

The  homotypy  of  the  carpal  and  tarsal  bones  is  very  clearly 
illustrated  in  tie  Phalanger.  The  lunare  and  scaphoid  of  the 
hand  correspond  with  the  astragalus  and  naviculare  of  the  foot, 
transferring  the  pressure  of  the  focile  majus  upon  the  three 
innermost  bones  of  the  second  series.  The  long,  backward- 
projecting  pisiform  bone  of  the  wrist  closely  resembles  the  pos- 
terior process  of  the  os  calcis ;  the  articular  portion  or  body  of 
the  OS  calcis  correBpondB  with  the  euneiforme  of  the  carpus ;  the 
large  carpal  uneifiirm  repreientt  tlie  tarsal  cuboides,  and  performs 
the  same  fimctioai,  imyortf"*  "  ^ter  digits;  the  three 

cuneiform  bones  of  tlM  ootypes  of  the  trape- 
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ziunif  trapezoidesy  and  os  magnuvu  The  entociineifonn  bone  is  the 
largest  of  the  three  in  the  Wombat,  although  it  supports  the 
smallest  of  the  toes.  It  is  of  course  more  developed  in  the  Pedi- 
manous  Marsupials,  where  it  supports  a  large  and  opposable  thumb. 

In  the  Wombat  the  metatarsals  progressively  increase  in  length 
and  breadth  from  the  innermost  to  the  fourth ;  the  fifth  or  outer- 
most metatarsal  is  somewhat  shorter  but  twice  as  thick,  and  it 
sends  off  a  strong  obtuse  process  from  the  outside  of  its  proximal 
end.  A  corresponding  process  exists  in  the  Phalangers,  fig.  228. 
The  innermost  metatarsal  of  the  Wombat,  fig.  212,  t,  supports  only 
a  single  phalanx ;  the  rest  are  succeeded  by  three  phalanges  each, 
progressively  increasing  in  thickness  to  the  outermost ;  the  ungual 
phalanges  are  elongated,  gently  curved  downward,  and  gradually 
diminish  to  a  point. 

In  the  Myrmecobius  the  tibial  or  innermost  toe  is  represented 
by  a  short  rudimental  metatarsal  bone  concealed  under  tlie  skin. 
In  the  Dasyures  the  innermost  toe  has  two  phalanges,  but  it  is  the 
most  slender  and  does  not  exceed  in  length  the  metatarsal  bone  of 
the  second  toe.  In  the  Petaurists  it  is  rather  shorter  than  the 
other  digits,  but  is  the  strongest,  and  in  Petaurus  taguanoides  the 
terminal  phalanx  is  flattened  and  expanded ;  the  toes  are  set  wide 
apart  in  this  genus.  In  the  Opossums  and  Phalangers  the  inner- 
most metatarsal  bone  is  directed  inward  apart  from  the  rest,  and 
together  with  the  first  phalanx  is  broad  and  flat  The  second 
phalanx  in  the  Opossums  supports  a  claw,  but  in  the  Phalangers 
is  short,  transverse,  unarmed,  singularly  expanded  in  /%•  Cookn^ 
but  almost  obsolete  in  Ph.  ursina  (fig.  228,  i).  In  aU  the  preced- 
ing genera  there  are  two  small  sesamoid  bones  on  the  under  side 
of  the  joints  of  the  toes,  both  in  the  fore  and  hind  feet. 

The  commencement  of  a  degeneration  of  the  foot  which  is 
peculiar  to  Marsupial  animals  may  be  discerned  in  the  Petaurists, 
in  the  slender  condition  of  the  second  and  third  toes,  as  compared 
with  the  fourth  and  fifth.  In  the  Phalangers  this  diminution  of 
size  of  the  second  and  third  toes,  counting  from  the  hallux,  is 
more  marked.  They  are,  also,  both  of  the  same  length  and  have 
no  individual  motion,  being  united  together  in  the  same  sheath  of 
integument  as  far  as  the  ungual  phalanges,  whence  the  name  of 
Phalanffhtn  applied  to  this  genus  (fig.  228,  2  and  s). 

In  the  saltatnrial  genera  of  Marsupials  the  degradation  of  the 
corresponding  too?  is  extreme ;  but  though  reduced  to  almost  fila- 
mentary slendernesi^  they  retain  the  usual  number  of  phalanges, 
and  the  terminal  one  of  each  is  armed  with  a  claw.  These  claws 
being  the  only  |>art«  of  the  rudimental  digits  which  project  freely 
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beyond  the  integument^  they  look  like  little  appendages  at  the 
inner  side  of  the  foot  for  the  purpose  of  scratching  the  skin  and 
dressing  the  fur,  to  which  offices  they  are  exclusively  designed. 
The  removal  of  the  innermost  toe,  corresponding  with  our  great 
toe  and  the  hallux  of  the  Pedimana,  commences  in  the  Perameles. 
In  one  species  I  find  the  metatarsal  bone  of  this  toe  supports  only 
a  single  rudimental  phalanx  which  reaches  to  the  end  of  the  next 
metatarsal  bone,  and  the  internal  cuneiform  bone  is  elongated. 
In  another  species  the  internal  toe  is  as  long  as  the  abortive 
second  and  third  toes,  and  has  two  phalanges,  the  last  of  which  is 
divided  by  the  longitudinal  fissure  characteristic  of  the  ungual 
phalanges  in  this  genus.  In  the  Perameles  lagotis  the  innermost 
toe  is  represented  by  a  rudimentary  metatarsal  bone,  about  one- 
third  the  length  of  the  adjoining  metatarsal. 

In  the  Poephagous  Marsupials  no  rudiment  of  the  innermost 
toe  exists.  The  power  of  the  foot  is  concentrated  in  all  these 
genera  on  the  fourth  and  fifth  or  two  outer  toes,  but  especially 
the  fourth,  which,  in  the  Great  Kangaroo,  is  upwards  of  a  foot  in 
length,  including  the  metatarsal  bone  and  the  claw.  This  for- 
midable weapon  resembles  an  elongated  hoof,  but  is  three-sided 
and  sharp-pointed  like  a  bayonet,  and  with  it  the  Kangaroo  stabs 
and  rips  open  the  abdomen  of  its  assailant:  with  the  anterior 
extremities  it  will  hold  a  powerful  dog  firmly  during  the  at- 
tack, and  firmly  supporting  itself  behind  upon  its  powerful  tail, 
deliver  its  thrusts  with  the  whole  force  of  the  hinder  extremities. 
The  cuboid  bone  which  supports  the  two  outer  metatarsals  is 
proportionally  developed.  The  internal  cuneiform  bone  is  pre- 
sent, though  the  toe  which  is  usually  articulated  to  it  is  wanting. 
It  is  also  the  largest  of  the  three,  and  assists  in  supporting  the 
second  metatarsal ;  posteriorly  it  is  joined  with  the  navicular  and 
external  cuneiform  bones,  the  small  middle  cuneiform  occupying 
the  space  between  the  external  and  internal  wedge-bones  and  the 
proximal  extremities  of  the  two  abortive  metatarsals.  The  great 
or  fourth  metatarsal  is  straight  and  somewhat  flattened  ;  the  ex- 
ternal one  is  compressed  and  slightly  bent  outward;  the  toe 
which  this  supports  is  armed  with  a  claw  similar  to  the  large  one, 
but  the  ungual  phalanx  does  not  reach  to  the  end  of  the  second 
phalanx  of  the  fourth  toe,  and  the  whole  digit  is  proportionally 
weaken  In  the  climbing  Potoroos  (^Hypsiprymnus  ursinus  and 
SgpsiprymnuM  darcocephaluM),  the  two  outer  toes  are  propor- 
tionaUy  shorter  than  in  the  leaping  species,  and  are  terminated 
by  ouxred  dawfl  hr  wWaK  ♦i*-^^  gain  a  better  hold  on  the  branches 
andineqiu 
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§  181.  Skeleton  of  Rodentia, — A.  Vertebral  Column,— 
dentia  have  seven  cervical,  and,  as  a  rule^  nineteen  dor 
vertebrae.  The  agile  Hares  with  flexile  trunk  haTe  1< 
viz.  D  12,  L  7,  fig.  229,      The  Jerboas,  fig,  232,    that 


Hare  {LepuM  ttmidiu). 


trunk  aloft,  like  the  Kangaroos,  have  also  twelve  do 
seven  lumbar  vertebrae:  the  burrowing  Porcupines  an 
ming  Beavers,  fig.   230,  have  their  trunk  braced  by  a 


230 


Bearer  {Ccutor  Fiber). 


number  of  long  moveable  ribs,  making  in  Castor 
Fiber,  d  15,  L  4  ;  in  Hystrix  cristata,  D  15,  L  4 ; 
in  Hystrix  alopha,  D  14,  L  5.  The  average  Rodent 
number  is  D  13,  l  6.  Exceptions  are  few,  and 
fewer  than  at  first  sight,  if  well  looked  to ;  thus,  a 
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skeleton  of  Dasyprocta  Acuchyy  showing  D  13,  L  7,  has  the  supple- 
mental lumbar  vertebra  with  sacral  characters  and  connection  on 
the  left  side  :  Cuvier^signs  to  the  Dormice  (Loirs  and  Lerots) 
D  13,  L  7 :  the  burrowing  Cape  Mole-Rats  have  twenty  or  twenty- 
one  dorso-lumbars :  in  these  I  have  found  i3-7,  14-6,  and  i4-7, 
and  the  latter  is  the  number  of  dorsal  and  lumbar  vertebrae 
respectively  :  the  Australian  Water-Rat  {Hydromys  chrysogaster) 
has  D  14,  L  7  :  the  best-marked  exception  is  that  of  the  Capromys, 
which  has  D  16,  L  7  =  23.  In  some  Rodents  only  one,  in  most 
but  two,  vertebrae  join  the  ilia:  three  and  four  are  common 
numbers  of  anchylosed  sacrals.  In  the  seemingly  tailless  Cavies 
and  Pacas  the  caudal  vertebrae  may  be  but  seven,  eight,  or  ten 
in  number:  in  the  Black  Rat  and  Hapalotis  albipes  I  have 
counted  as  many  as  thirty.  The  Great  Jerboa  has  twenty-nine 
caudals,  which  also  have  the  proportions  and  perfections  of  those 
in  the  Kangaroo. 

The  met-  and  an-apophyses  commence  by  a  common  tubercle  at 
the  fore  part  of  the  dorsal  series ;  the  anapophysis,  fig.  231,  d,  a, 
begins  to  be  distinct  at  the  back  part  of  the  series,  and  the  meta- 
pophysis,  ib.  m,  to  project  from  above  the  anterior  zygapophysis, 
z :  both  processes  are  usually  well 
developed  in  the  posterior  dorsal 
and  lumbar  vertebrae,  ib.  L :  the 
diapophysis,  c?,  subsides  in  the 
posterior  dorsals  and  is  lengthened 
in  the  lumbars,  L,  by  a  coalesced  ^    . 

Ml        /     7  f        .  \    -1        ,       -r  ^'"•'  Lumbar 

nblet  {pleurapopnystsjy  ib.  a.     In  vertebi*.  Lagoti*. 

the  Great  Jerboa  (Helamys)  the  diapophysis  is  unusually  long  and 
strong  in  the  first  dorsal:  the  anapophysis  first  projects  from 
the  back  part  of  the  eighth  dorsal,  and  the  metapophysis  from  the 
fore  part  of  the  ninth :  both  processes  are  long  in  the  first  five 
lumbars.  The  neural  spines  progressively  increase  in  length  to 
the  last  lumbar,  and  are  strongly  inclined  forward  toward  that  of 
the  eleventh  dorsal,  fig.  232,  d  :  the  antecedent  spines  incline 
backward  to  the  same  vertebra,  the  spine  of  which  is  vertical, 
and  indicates  the  centre  of  motion  of  the  trunk.  This  arrange- 
ment of  the  neural  spines  is  well  marked  in  all  the  agile  flexible- 
bodied  Rodents.  In  the  Hare,  fig.  229,  the  neural  spine  of  the 
ninth  vertebra,  D,  indicates  the  centre.  The  anapophyses  begin 
on  the  eighth,  the  metapophyses  on  the  ninth,  dorsal :  these  in- 
crease and  are  continued  throughout  the  lumlMur  region,  where 
they  are  very  long.      The  anapoi^yi^  ^  form  of  a 

ridge  in  the  last  dorsal   and  llunb  umbar 
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di-pleur-apophyses,  ib.  d^  are  long  and  incline  forward  and  down- 
ward.    Long  hypapophyses,  ib.  A,  are  also  developed. 

The  thoracic  ribs  consist  of  bony  pleur-  and  gristly  haem- 
apophyses :  of  these  the  seven  anterior  pairs^  as  a  rule,  directly 
join  the  sternum,  which  then  consists  of  six  bones  or  *  stemebers.' 
In  the  Beaver,  Porcupine,  Coypu,  and  a  few  others,  there  are 
eight  pairs  of  *  true  ribs : '  in  an  Acuchy  with  this  number  I 
found  nine  sternal  bones,  the  foremost  representing  an  *  epi- 
stemal'  articulated  to  the  *  manubrium.' 
The  first  rib  is  the  shortest,  uniisually  so  in 
Jitfdromys^  and  has  often  a  partial  articu- 
lation  with  the  last  cervical  vertebra.  The 
neural  spine  of  the  second  dorsal  is  com- 
monly the  longest. 


In  the  Beaver,  fig.  230,  the 
sacrum  consists  of  four  anchy- 
losed  vertebras :  the  articular  sur* 
face  for  the  ilium  is  almost  con- 
fined to  the  transverse  process  of 
the  first  of  these  vertebra :  thodc 
of  the  last  are  the  longest.  The 
sacral  nerves  directly  perforate 
the  neurapophyses  of  the  last  two  vertebrae,  anterior  to  the  vacuity 
left  between  the  bases  of  the  transverse  processes.  The  neural 
arches  of  the  first  six  caudal  vertebrae  are  similarly  perforated.  Their 
transverse  processes  are  long,  horizontally  flattened,  and  terminally 
expanded ;  and  the  vertebrae,  after  these  processes  subside,  are 
remarkable  for  their  large  size,  and  a  certain  degree  of  corre- 
spondence of  shape  with  the  broad,  flat,  scaly  t^umentary  tail 


Jerboa  iDipua  SoQitta). 
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which  they  support.  In  most  Rodents  with  long  tails^  hsema- 
pophyses  are  developed  beneath  the  intervertebral  spaces,  as  in 
the  Jerboas,  fig.  232,  A.  In  one  member  of  the  Porcupine  family 
(  Cercolab€s)y  and  in  one  species  of  Capromys  (  (7.  prehensilis),  the 
tail  has  a  prehensile  extremity. 

The  seventh  cervical  vertebra  has  an  imperforate  transverse 
process  in  some  Rodents,  a  perforate  one  in  others :  in  the  Hare 
I  have  observed  this  difference  in  different  individuals.  The 
pleurapophyses  early  anchylose  to  form  the  vertebrarterial  foramen 
in  the  sixth-second  cervicals.  The  neural  spine  is  usually  longest 
in  the  second  and  seventh ;  it  is  obsolete  in  the  intermediate  cer- 
vicals in  many  Rodents.  In  the  Hare  the  transverse  processes  of 
the  atlas  are  perforated  longitudinally  by  the  vertebral  arteries, 
which  then  perforate  the  neural  arch.  The  hypapophysis,  or 
so-called  body,  is  ossified,  and  a  small  tubercle  extends  backward 
from  its  under  part.  In  the  atlas  of  the  Chinchilla  the  transverse 
process  is  pierced  both  horizontally  and  obliquely,  and  the  verte- 
bral artery  also  perforates  the  neural  arch. 

B.  Skull, — As  in  the  Marsupialia,  the  confluence  of  the  elements 
of  the  epencephalic  arch  is  late,  and  that  of  the  tympanic  is 
restricted  to  the  petrosal  and  mastoid.  The  squamosal  maintains 
its  individuality,  and  also  much  of  its  long  slender  proportions, 
and  the  malar  is  suspended  in  the  middle  of  the  zygomatic  arch, 

233 
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as  in  Birds :  other  characteristics  of  the  Rodent  skull  will  be 
exemplified  in  the  following  species. 

In  the  Hare  (Lepus  timidus,  fig.  233)  the  superoccipital  is 
surmounted  by  a  square  platform  of  bone — originally  a  distinct 
interparietal — the  posterior  angles  of  which  project  backward  in  the 
form  of  two  tubercles,  from  between  which  a  vertical  crest  descends 
to  the  foramen  magnum.     The  paroccipitals  arch  downward  and 
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outward  in  close  connection  with  the  descending  process  of  tJi^ 
large  subquadrate  mastoid^  8^  which  anchyloses  with  the  petrosal 
and  tympanic.  The  long  bony  'meatus  auditorius'  ascemL 
obliquely  backward — the  direction  in  which  this  timid  Rodem  i^ 
most  concerned  in  ascertaining  the  sounds  that  may  warn  it  of  ai 
approaching  enemy.  The  tympanic  cavities  intercommunicate  h 
a  sinus  traversing  the  basisphenoid.  The  outer  part  of  the  ali- 
sphenoid  is  perforated  by  the  ectocarotid  artery.  The  entocarotii! 
pierces  the  tympanic  bulla.  The  petromastoid  is  articulated  io  a 
peculiar  manner  to  the  squamosal,  which^  after  expanding  bejond 
its  zygomatic  ]>art  to  be  applied  to  the  parietal  and  alisphenoid. 
resumes  the  form  of  a  narrow  thin  plate  of  bone^  applied  to  a 
shallow  depression  u]>on  the  mastoid,  and  thus  clamping  it,  as  h 
were,  to  its  place.  The  frontal  sends  outward  a  large  alifonc 
curvetl  i)]ate  above  each  orbit,  the  extremities  of  which  fornj 
postorbital  and  antorbital  processes,  the  notches  which  divide  the 
anterior  from  tlie  i)osterior  part  of  the  frontal  being  unusuallv 
deep.  The  common  outlet  of  the  optic  nerves  extends  forwird 
so  as  to  occasion  a  small  vacuity  at  the  back  part  of  the  inter- 
orbital  septum.  Each  orbit  presents  a  wide  vacuity  at  its  fm 
])art,  which  leads  into  the  lateral  nasal  cavity,  bounded  extemall* 
by  the  singularly  reticulate  nasal  plate  of  the  maxillary,  21.  Tb 
zygomatic  arch,  which  is  slightly  curved  downward  but  scarcely 
at  all  outward,  develoi)Cs  a  small  prominence  both  from  its  frin: 
and  hind  extremity  below  the  points  of  suspension.  The  ani- 
cular  surface  for  the  lower  jaw  is  broad  and  concave  transversek. 
narrow  and  convex  longitudinally.  The  bases  of  the  sockets  t4' 
the  superior  molars  fonn  a  strong  prominence  in  the  orbit  below 
the  anterior  vacuity.  The  nasal  bones,  15,  are  remarkable  bc-ih 
for  their  length  and  breadth :  they  extend  further  back  than  the 
long  slender  nasal  processes  of  the  premaxillaries^  22.  The  bonT 
palate  is  extensively  encroached  upon  by  the  prepalatal  apertures 
which  blend  together  to  form  a  narrow  heart-shaped  vacaitr 
with  the  apex  directed  forward,  largely  exposing  the  vomer 
and  the  nasal  cavities.  The  j)alatal  processes  of  the  maxillaries 
and  palatines  form  a  bridge,  or  platform,  extending  across  oppo- 
site the  three  anterior  molar  teeth.  The  nasal  processes  of  the 
l)alatincs  are  of  unusual  height.  The  angle  of  the  lower  m 
forms  a  broad  compressed  plate,  with  the  lower  border  rounded 
and  thickened,  so  as  to  project  a  little  beyond  both  the  outer  and 
inner  surface  of  the  ascending  plate :  the  outer  ridge  is  continaei 
forward  to  the  horizontal  ramus,  bounding  the  large  masseteric 
fossa.     The  petrotympanics  form  *  bullaj  osseae.'     The  pterygoids 
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develope  both  external  and  internal  plates:  the  outer  plate  is 
widely  perforated  at  its  base;  the  inner  plate  terminates  in  a 
hamular  process. 

The  conunon  foramen  opticum,  the  wide  palatal  vacuities,  the 
transversely  extended  glenoid  cavity,  and  the  inflected  mandibular 
angle,  indicate  aflinity  to  the  Marsupials. 

In  a  skull,  seven  inches  long,  of  a  Capybara,  fig.  234,  with  the 
entire  series  of  permanent  teeth  in  place,  the  sutures  between 
the  elements  of  the  occipital  bone  still  remain.  The  compressed 
paroccipitals,  4,  Are  of  enormous  length.  The  basioccipital  con- 
tributes to  each  condyle  its  lower  extremity.  The  exoccipitals 
almost  meet  above  the  foramen  magnum,  the  plane  of  which  is 
nearly  vertical.  The  basisphenoid  is  perforated  by  a  median 
vertical  canal,  and  is  notched  laterally  by  the  entocarotids.  The 
squamosals  are  distinct,  and  essentially  like  those  in  the  Hare, 
sending  backward  the  long  compressed  lamina  which  clamps  the 

234 
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tympanic  and  mastoid  to  the  side  of  the  cranium.  A  venous 
sinus  issues  from  beneath  this  process  of  the  squamosal.  The 
longitudinal  groove  forming  the  articular  cavity  for  the  lower 
jaw  is  angular,  and  completed  externally  by  the  malar  bone,  26. 
The  meatus  auditorius  is  unusually  contracted,  is  cleft  below,  and 
bounded  there  by  two  small  tuberosities.  The  temporal  and 
orbital  fossse  are  blended  together,  as  in  all  Kodents.  The  lacry- 
mal  bone  is  of  unusual  size,  and  extends  forward  upon  the  side 
of  the  face  between  the  frontal,  ii,  and  maxillary,  2;.  The  ant- 
orbital  vacuity  is  immense.  The  nasal  bones,  15,  are  long,  large, 
and  of  nearly  equal  breadth  throughout.  The  nasal  processes 
of  the  premaxillaries,  22,  are  coextensive  with  them.  The  sagittal 
suture  is  obliterated,  as  well  as  a  graftt  part  of  the  fix>ntal  suture. 
There  is  no  trace  of  interparietal  bone*  A  tiiigle  foramen  inci- 
siviun  is  situated  anterior  to  tk  prepalatine 
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apertures;  the  postpalatine  foramina  are  in  the  cent 
bony  palate,  between  the  palatines  and  maxillaries. 
tines  are  large.  The  cribriform  plate  and  its  mediai 
*  crista  galli'  project  backward  into  the  Isrge  rbmi 
fossa.  Pterygoid  sinuses  are  formed  anteriorly  by  tl 
pterygoids,  and  posteriorly  by  the  ecto-  and  ento- 
plates  of  the  sphenoid.  The  ectopterygoid  plate  is  perf 
an  *  interpterygoid '  canal,  above  which  is  a  smaller  ^  ec 
canal.  The  lower  jaw  shows  a  strong  ridge  or  platfon 
the  molar  alveolL  The  coronoid  and  condyloid  proo 
very  little  above  the  grinding  surface  of  the  molars.  ' 
process  of  the  lower  jaw  is  the  angle,  a,  which  is  bn 
I)ressed,  and  produced  far  backward,  where  it  terminates 
The  upper  surface  of  the  skull  is  flat,  and  its  contour 
little  from  a  straight  line,  slightly  descending  toward  th< 
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and  the  end  of  the  nasals.  The  zygomatic  arch  is  compn 
deep,  especially  below  the  fore  part  of  the  orbit.  The 
bullaj  are  comparatively  smalL 

In  Chinchilla  lanigeray  figs.  235,  236,  the  mastoid  p 
of  the  large  tympanic  bulla,  a,  5,  iw,  rises  to  the  uppe 
of  the  cranium,  as  at  a,  but  it  is  girt  by  a  prooesi 
superoccipital,  /,  which  extends  outward  to  articulate 
extremity  of  the  slender  process  of  the  squamosal. «.  Th< 
which  intervenes  between  the  alisphenoid^  pai  * 

and  which,  in  other  Mammals^  is  closed  h 
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squamosal^  is  here^  through  the  retention  by  that  bone  of  its  pri- 
mitive fom^  as  a  diverging  slender  ray^  left  uncovered.  The 
meatus  is  long,  wide,  infundibuliform,  with  the  outlet  obliquely 
truncate  and  directed  upward  and  a  little  backward  :  the  petrosal 
bulla,  m,  continued  from  iia  lower  extremity,  seems  to  describe 
a  semicircular  curve  downward  and  backward,  circumscribing 
the  large  foramen,  which  directly  pierces  the  bulla  beneath  the 
meatus.  The  paroccipital  is  slender ;  its  point  does  not  extend 
below  the  level  of  the  tympanic  bulla.  The  articular  groove  for 
the  lower  jaw  is  deep,  and  is  completed  externally  by  the  malar, 
A.  An  almost  circular  piece  seems  to  be  cut  out  of  the  zygoma, 
above  the  junction  of  the  malar  with  the  squamosal.  The  facial 
part  of  the  lacrymal  extends  half-way  across  the  antorbital  root  of 
the  zygoma,  where  the  zygomatic  part  of  the  maxillary  articulates 
by  suture  with  the  nasal  process  of  the  same  bone,  circumscribing  a 
large  antorbital  vacuity.  The  nasal  processes  of  the  premaxillaries 
slightly  expand  at  their  extremities,  which  extend  beyond  the 
corresponding  ends  of  the  nasals,  L  A  strong  and  long  oblique 
ridge  traverses  the  inner  side  of  the  ramus  of  the  lower  jaw.  The 
outer  side  is  irregularly  swollen  by  the  bases  of  the  sockets  of  the 
curved  molars,  but  has  not  the  distinct  ridge  which  characterises 
that  part  in  the  Cavies. 

In  the  skull  of  an  adult  237 

Paca  (  Ccxlogenysy  fig.  237), 
with  the  mature  dentition, 
the  sutures  between  the 
elements  of  the  occipital,  as 
likewise  the  sagittal  suture, 
are  obliterated.  There  is  no 
trace  of  interparietal  bone. 
The  basioccipital,  basisphe- 

noid,  and  presphenoid  have  ^^^  ^,  ^,  ooaiogeni^ 

coalesced  to  form  a  continu- 
ous bony  floor  for  the  cranial  cavity.  The  third  division  of  the 
fifth  notches  the  alisphenoid  posteriorly,  the  foramen  ovale  being  an 
irregular  fissure  between  the  ali-  and  basi-sphenoids  and  the  petro- 
sal The  petrotympanic  is  free  from  the  squamosal,  and  rather 
loosely  suspended  beneath  the  overarching  posterior  lamella  of  the 
squamosal,  which  bends  down  external  to  the  mastoid  and  paroc- 
cipitaly  4.  The  malar,  ae,  is  a  slightly  curved  plate,  twice  as  deep 
as  it  18  loDgy  and  farms  the  posterior  third  part  of  the  zygomatic 
expaodkniy  iiifr  xmI  being  formed  by  the  maxillary,  21,  which  is 
mmsiiallf' Ml  ereloped.    The  squamosal  forms  only 

BB2 


372  ANATOMY   OF   VERTEBRATES. 

the  base  of  the  zygoma ;  it  is  grooved  below  for  the  m 
joint,  to  which  the  malar  contributes  the  outer  part.  1 
])rocesses  of  the  premaxillary  do  not  extend  so  far  ba( 
nasals :  the  large  antorbital  vacuity,  v,  is  reduced  by 
illary  zygomatic  plate  to  a  crescentic  form.  The  a 
expansion  of  the  maxillary,  21,  is  deeply  excavated  on 
side;  it  forms,  in  the  recent  animal,  a  large  bony  ci 
each  side  of  the  mouth,  communicating  therewith  a 
by  the  buccal  membrane.  A  vertical  sinus  terminati] 
in  two  small  foramina,  communicating  with  the  orbii 
the  rhinencephalic  from  the  prosencephalic  fossa.  A  1 
the  lateral  sinus  leads  from  above  the  petrosal  to  bet 
squamosal  and  tympanic  externally.  The  olfactory  cavit; 
backward  beneath  the  rhinencephalic  one,  but  not  above 
ectopterygoid  process  joins  the  proper  pterygoid,  and, 
entopterygoid  plate,  completes  a  wide  interpterygoid  can 
base  of  the  ectopterygoid  is  perforated  by  an  ectocarotid 
The  squamosal  is  excluded  firom  the  cranial  cavity  by 
which  widens  as  it  descends  between  the  squamosal  ai 
tympanic :  a  venous  sinus  occupies  this  fissure.  A  h 
septum  divides  an  upper  from  a  lower  compartment  of  th< 
half  of  the  tympanic  bulla.  The  sella  turcica  is  shallow^ 
defined  by  clinoid  processes ;  the  chiasmal  platform  is 
drate,  and  leads  to  a  fossa,  perforated  by  the  two  large 
])roximated  elliptical  optic  foramina ;  a  deep  and  narrow 
extends  from  the  optic  fossa  to  the  rhinencephalic  comp 
where  it  divides  to  terminate  at  the  orbito-ethmoidal  f 

The  foramen  rotun 
^^^  foramen   lacerum 

combine  to  form 
subquadrate  vacuil 
cerebellar  fossa  on  t 
part  of  the  petrosa 
deep.  The  meatus 
is  extremely  shall 
almost  inunediatel] 
into  the  cochlear  ai 
bular  canals. 

SkiUl  of  tbc  Porcupine.  ^^  ^^  PorCUpiuCi 

cristata),  fig.  238,  1 
pital  region  is  nearly  flat ;  the  paroccipitals  descend  only  to 
of  the  occipital  condyles.  The  mastoid  forms  but  a  rou^ 
The  auditory  buUse  are  moderately  developed ;  the  externa 
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is  short,  directed  outward  and  a  little  forward,  and  is  notched 
behind.  A  fissure,  which  widens  at  both  ends,  divides  the  tym 
panic  from  the  clamping  process  of  the  squamosal :  this  articulates 
behind  by  a  suture  with  the  mastoid.  The  parietals,  fig.  239, 7,  are 
broad,  but  short,  and  pinched  in,  as  it  were,  by  the  temporal  fossa;, 
which  almost  meet  at  the  line  of  the  sagittal  suture,  which  is  obli- 
terated. The  frontals,  ib.  n,  are  more  than  double  the  size  of  the 
parietals,  and  are  greatly  swollen  by  the  enormous  sinuses.  The 
most  remarkable  feature  of  the  Porcupine's  cranium  is  the  magni- 
tude of  the  nasal  bones,  15,  especially  their  great  posterior  expanse, 
which  terminates  behind  on  the  same  vertical  parallel  as  the  middle 
of  the  zygomatic  arch.  This  character  is  contrasted  in  fig.  239 
with  the  small  size  of  the  nasals,  15,  in  the  Manatee  and  Capuchin 
Monkey.  The  thick  anterior  pier  by  which  the  zygomatic  arch  is 
suspended  is  formed  by  the  maxillary  and  lacrymal.    The  slender 

239 


Manatee.  Porcupine.  Ckbut, 

horizontal  process  of  the  maxillary,  which  bounds  the  lower  part 
of  the  antorbital  vacuity,  fig.  238,  v,  appears  like  a  second  zygoma. 
The  premaxillaries  progressively  contract  as  they  pass  backward 
and  join  the  frontals,  nearly  an  inch  in  advance  of  the  hinder  bor- 
der of  the  nasals.  The  bony  palate  terminates  by  a  thick  rounded 
border  between  the  last  molar  teeth.  The  pterygoids  send  back- 
ward and  upward  a  hamular  process,  which  joins  the  tympanic 
bulla.  The  cerebellar  depression  upon  the  petrosal  is  very  shallow  : 
the  fore  part  of  the  petrosal  presents  a  large  protuberance.  The 
rhinencephalic  fossa  is  relatively  of  large  size,  and  is  defined  by  a 
well-marked  ridge  from  the  rest  of  the  cranial  cavity.  Two  vascu- 
lar canals  are  continued  into  its  lower  part  from  above  the  optic 
foramina,  instead  of  an  open  groove,  as  in  the  AgoutL  The 
coalesced  prefrontals  are  compressed.  The  vomer  is  deeply  cleft 
posteriorly,  and  has  coalesced  with  the  ethmoturbinals,  and  its 
anterior  part  articulates  with  the  median  ascending  process  of  the 
premaxillary  arching  over  the  wide  vacuities  which  lead  from  the 
nasal  passages  to  the  prepalatine  apertures,  as  in  most  Rodents. 
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The  cranial  air-cells  continued  from  the  nasal  and  tyi 
cavities  reach  the  occiput.  The  tympanum  is  divided  by 
zontal  partition  into  an  upper  and  lower  chamber^  intercoD 
eating  posteriorly  above  the  membrana  tympani,  ^rhich  is  si 
in  the  lower  division^  where  the  meatus  auditorius  extern 
minates  in  a  narrow  oblique  slit  The  extraordinary  exi 
the  air-sinuses  surrounding  the  fore  part  of  the  cranial  cavi 
developed  in  the  orbitosphenoids^  alisphenoids^  squamosal 
frontals,  with  the  radiating  bony  septa  of  those  sinuses,  are 
liarities  of  the  Porcupine. 

In  an  almost  full-grown  Beaver,  fig.  240,  the  elements 
occipital  bone  are  still  unanchylosed ;  the  lower  third  o 
condyle  is  formed  by  the  basioccipital,  the  under  surface  of 
presents  a  large  and  deep  excavation.     The  upper  part 

foramen  magnum 
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Skull  of  the  Beaver  iC<utor  Fiber). 


pleted  by  the  broad 
occipitaL  The  mas 
larger  than  in  the  '. 
pines^  and  articulate 
riorly  with  both  the  p 
and  squamosal :  it  is  i 
losed  to  the  petrosal. 
is  a  perforation  in  the 
between  the  superoc 
and  mastoid.  The 
parietal  is  large,  and 
upon  the  upper  suri 
the  cranium.  The  squamosal  is  perforated  behind  and  beli 
root  of  the  zygoma.  The  frontals  are  small  and  almost  flat 
The  nasal  bones  extend  further  back  than  the  premaxillai 
the  European  Beaver,  beyond  the  transverse  line  which  e 
between  the  antorbital  tuberosities.  The  anterior  root 
zygoma  formed  by  the  maxillary  is  a  simple  plate  which  a 
to  be  imperforate,  the  orifice  of  the  slender  antorbital  canal 
concealed  by  a  vertical  ridge  of  the  maxillary,  which  i 
forward  over  the  maxillo-premaxillary  suture. 

The  epenccphalic  compartment  is  lower  and  broader  t 
the  Porcupine.  The  cerebellar  fossa  of  the  petrosal  is 
and  deeper.  The  upper  compartment  of  the  tympanmn  is 
less.  The  length  and  direction  of  the  auditory  meatus  is  i 
fig.  240,  o :  it  changes  its  form  into  a  transverse  fissure 
approaches  the  membrana  tympani,  the  plane  of  which  is 
parallel  with  that  of  the  meatus  itself.     There  are  no  na8 
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sinuses  in  the  cranial  bones  of  this  aquatic  Rodent^  and  their 
texture  is  denser  than  in  most  of  the  order.  The  sella  turcica 
is  extremely  shallow^  and  without  clinoid  processes :  the  middle 
of  the  basioccipital  is  reduced  by  the  excavation  on  ite  under 
surface  to  extreme  thinness.  A  small  vacuity  in  the  basisphe- 
noid  communicates  with  the  cranial  cavity  close  to  the  '  fissura 
lacera  anterior.'  The  presphenoid  is  perforated  transversely.  The 
rhinencephalic  fossa  is  well  marked.  The  anterior  end  of  the 
vomer  articulates  with  both  the  maxillary  and  premaxillary  bones, 
as  in  the  Bat 

In  the  skull  of  the  Ondatra  or  Musk  Vole  {Fiber  zibeticusy 
fig.  24 1 ),  the  basioccipital 
is  not  excavated,  as  in 
the  Beaver,  but  there  is 
the  same  perforation  be- 
tween the  mastoid  and 
superoccipital,  and  a  large 


vacuity  in  the  posterior 
process  of  the  squamosal 
communicating  directly 
with  the  cranial  cavity. 

rni  1   •  SkQll  of  the  Ondatn  (l'V»0r  tibeMciM). 

The  squamosal  is  unusu- 
ally expanded  above  the  zygomatic  process,  and  articulates 
largely  with  both  frontal  and  parietal.  The  zygomatic  process  of 
the  maxillary  reaches  almost  to  that  of  the  squamosal,  and  su|)- 
ports  a  great  part  of  the  malar  bone.  The  antorbital  foramen,  v, 
is  larger  than  in  the  Beaver,  but  is  bounded  externally,  as  in  it, 
by  a  nearly  vertical  ridge  of  the  maxillary.  The  interorbital 
septum  is  perforated  behind,  beneath  the  orbitosphenoid.  There 
is  no  distinct  lacrymal  bone;  but  the  turbinal  bones  appear  at 
the  fore  part  of  the  orbit  between  the  two  processes  of  the 
maxillary  which  join  the  frontal,  and  above  the  aperture  com- 
municating with  the  nasal  cavity.  The  anterior  part  of  the 
maxillary,  in  front  of  the  antorbital  foramen,  is  swollen,  and 
forms  a  curved  canal  conmiencing  by  an  oblique  aperture  su- 
periorly, and  descending  outward  and  backward  round  the 
socket  of  the  superior  incisor  to  terminate  in  the  nasal  meatus : 
this  part  may  probably  protect  the  lacrymal  sac  and  duct.  The 
interparietal  is  a  transversely  quadrate  bone.  The  sagittal  suture 
is  retained,  and  the  upper  surface  of  the  parietal  is  smooth,  and 
nearly  fiat :  the  tempond  ridges  meet  and  develope  a  crest  upon 
the  narrow  frontab,  obliterating  the  fnmtel  sntane.  The  back 
part  of  each  ramus  of  the  lower  jttiriet*  1  firom  the 
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In  the  prolific  Guinea-Pig,  the  pelvis,  fig.  245,  ifi  lo 
laterally  compressed,  the  passage  being  much  narrower  t 
diameter  of  the  head  of  the  mature  foetus.  Prior  to  ] 
tion  the  symphysial  ligaments  become  soft  and  extensile,  i 
innominata,  gliding  on  the  sacro-iliac  joints,  diverge  at  tl 
physis  to  the  extent  shovm  in  fig.  246  during  parturition. 
this  process  the  symphysis  quickly  returns  to  its  former  or 


245 


246 


PelTlg  of  the  Ouln©a-Plg  seventy-two  hours 
After  parturition. 


Pelvis  of  the  Guinea-Plv  at  the  time  ol 
parturition. 


state,  and  in  a  few  days  presents  only  a  little  thicknes 
mobility.  The  young  of  the  Guinea-Pig  are  far  advan 
birth,  some  of  the  deciduous  teeth  are  shed  in  utero,  an< 
run  about  and  begin  to  eat  soon  after  they  see  the  light. 

In  the  Water-Hog,  or  Capybara,  there  is  no  complete  cl 
The  acromion  is  long  and  slender,  and  bifid  at  its  extremity 
the  longer  div-ision  directed  downward.  The  humerus  is 
perforated  between  the  condyles,  but  not  above  the  inner  co 
both  this  bone  and  the  ulna  are  solid.  The  scaphoides  and 
are  connate.  The  poUex  is  wanting  in  the  fore  feet,  an< 
the  hallux  and  the  fifth  toe  are  wanting  on  the  hind  feet. 
ungual  phalang^es  are  short,  obtuse,  and  broad. 
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The  Beaver,  fig.  230,  is  a  member  of  that  great  division  of  the 
Rodentia  in  which  the  clavicles  are  complete :  the  acromion  scapulas 
bends  toward  and  joins  that  bone.  In  the  humerus  the  deltoid  ridge 
has  a  tuberosity :  both  the  intercondyloid  space  and  the  internal 
condyle  are  imperforate:  a  coarse  cancellous  structure  occupies 
the  middle  of  the  shaft  The  radius  and  ulna  are  distinct  The 
femur  shows  the  slender  neck  and  lofty  trochanter  common  to 
most  Kodents ;  it  has  a  third  trochanter,  and  has  no  medullary 
cavity.  The  rotular  surface  is  distinct  from  that  of  the  condyles. 
A  section  of  the  tibia  and  fibula  also  shows  the  absence  of  that 
cavity,  and  the  complete  confluence  of  the  compact  walls  of  the 
two  bones  at  the  lower  third  of  the  fibula.  The  projecting  part 
of  the  calcaneum  is  depressed.  The  toes  are  longer  and  stronger 
than  the  fingers,  they  support  a  broad  foot  which  is  webbed,  and 
the  second  toe  has  a  double  oblique  nail  or  broad  claw. 

In  our  Water- Vole  {Arvicola  amphibia)  the  acromion  of  the 
scapula  is  long  and  bent  dovmward ;  its  inferior  process  is  feebly 
developed.  The  deltoid  process  of  the  himierus  is  prominent 
and  well-defined,  compressed,  and  bent  downward.  There  is 
a  minute  perforation  between  the  condyles,  but  none  above  the 
inner  one.  The  bones  of  the  fore-arm  are  in  contact  and 
closely  united,  except  at  the  narrow  space  near  their  proximal 
ends.  The  pollex  is  represented  by  its  metacarpal  bone.  The 
femur  has  a  third  trochanter,  with  two  patellas  in  front  of,  and  two 
fabellse  behind,  the  condyles.  I  have  found,  also,  a  small  ossifi- 
cation at  the  anterior  end  of  each  semilunar  cartilage.  The 
fibula  is  anchylosed  to  the  tibia  at  both  its  extremities.  The 
entocuneiform  is  long,  and  applied  to  the  inner  side  of  the  base 
of  the  second  metatarsal,  but  it  supports  a  short  metatarsal  with 
the  first  and  ungual  phalanx  of  its  proper  digit,  the  hallux. 

Rodents  burrow  chiefly  for  concealment,  rarely  for  food : 
the  Rabbit  needs  but  a  slight  modification  of  the  limbs,  as  com- 
pared with  the  surface-dwelling  Hare,  to  excavate,  in  loose  soil, 
its  retreat.  Perhaps  the  *  Mole-Rats '  of  the  Cape  are  the  best 
burrowers  of  the  order.  In  Bathyergus  the  upper  border  of 
the  scapula  describes  an  open  angle ;  its  outer  surface  is  nearly 
equally  bisected  by  the  spine,  which  rises  to  an  unusual  height, 
and  sends  off*  a  remarkably  long  subtrihedral  acromion,  the  ex- 
tremity of  which  appears  as  a  thick  epiphysis  bent  toward  the 
long  and  strong  clavicle  with  which  it  articulates.  A  well- 
marked  deltoid  process  stands  out  from  the  middle  of  the  shaft 
of  the  humerus,  which  is  imperfixTAte  at  itB  distal  end.  The 
olecranon  is  unusually  thick  aud  eijWBlIM      13i6  femur  shows  a 


382  ANATOMY   OF  YERTEBBATBS. 

rudiment  of  a  third  trochanter.  The  fibula  is  anchyloeed 
tibia.  A  remarkable  accessory  ossicle,  articulated  to  ihe  ti 
naviculare,  projects  inward  like  an  accessory  or  sixth  digit 
hind  foot.  As  in  other  burrowing  animals,  the  lumbar  and 
regions  are  narrow. 

In  the  Marmot  (Arctomys)  the  clavicles  are  complel 
strong.  The  acromion  is  long  and  bifurcate,  the  anterior  d 
curves  to  the  clavicle.  The  hiunerus  shows  a  thick,  but  n 
minent,  deltoid  ridge :  it  is  perforate  between  the  condyl 
above  the  inner  condyle.  The  antibrachial  bones  ad 
rotation.  In  the  femur  there  is  a  rudiment  of  the  thii 
chanter :  the  tibia  is  not  confluent  with  the  fibula.  In  ; 
Rat-tribe  the  clavicles  are  entire:  the  distal  part  of  llie 
coalesces  with  the  tibia.  In  the  Black  Rat  {3fus  ratti 
deltoid  ridge  is  angular,  and  commences  near  the  upper 
the  humerus,  which  is  imperforate  at  the  lower  extremil 
strong  ridge  represents  the  third  trochanter  of  the  femur, 
is  a  fabella  behind  each  condyle.  In  an  Australian  Rat  ( 
lotis  albipes)  the  humerus  is  perforated  between  the  coi 
The  radius  and  ulna  are  moveably  united.  There  is  s 
trochanter  in  the  femur.  In  the  Hydromys  the  deltoid 
projects  from  the  fore  part  of  the  proximal  half  of  the  hu 
and  is  prominent  below.  The  hiunerus  is  imperforate.  Tl 
sends  a  process  to  abut  against  the  radius  across  the  mi 
the  interosseous  space.  The  fore  foot  is  pentadactyle,  I 
pollex  does  not  exceed  the  length  of  the  metacarpus 
index.  The  femur  has  a  third  trochanter  and  a  fabella 
each  condyle.  The  hallux  extends  to  the  second  phalanx 
next  toe.  The  strength  of  the  hinder  half  of  the  skeletoi 
the  size  of  the  hind  extremities,  contrasts  with  the  slender 
the  fore  part  in  most  Rats,  and  especially  in  this  large  Aug 
aquatic  kind. 

Among  the  leaping  Rodents  the  following  noteworth 
racters  of  the  limb-bones  are  seen  in  the  Great  Jerboa 
Cape  {Helamys).  The  lower  costa  of  the  scapula  forms  ai 
angle  with  the  base,  and  the  infraspinal  fossa  is  much  I 
than  the  supraspinal  one,  the  spine  of  the  scapula  curving 
the  upper  angle.  The  acromion  is  moderately  long  and  alem 
tuberosity  answering  to  the  lower  division  of  that  in  the  Ck 
The  clavicles  are  strong,  and  curved  backward  attliQir  oafa 
I  The  humeinis  is  perforated  at  the  inner  condyle^  I  n 

|.  the  condyles.     The  bones  of  the  fore-arm  haT» 

\  interosseous  space,  and  allow  of  free  pronation 
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hand  is  pentadactyle^  and  the  whole  anterior  extremity  much 
shorter  than  the  posterior  one.  The  iliac  bones  extend  upward 
considerably  above  their  junction  with  the  anterior  sacral  verte- 
bra;,  and  curve  outward.  The  tuberosities  of  the  ischia  are  un- 
usually developed.  The  obturator  vacuities  are  very  extensive, 
the  size  of  the  pelvis  according  with  that  of  the  hinder  extre- 
mities. The  great  trochanter  is  of  unusual  length,  is  expanded 
and  slightly  bent  at  its  extremity.  The  fossa  upon  the  neck  of 
the  femur  is  unusually  deep ;  there  is  no  third  trochanter.  The 
medullary  artery  enters  on  the  inner  side  of  the  base  of  the 
small  trochanter.  The  slender  fibula  coalesces  with  the  lower 
third  of  the  tibia,  but  both  its  extremities  are  free,  and  the  lower 
one  is  detached,  as  in  the  Chevrotain,  from  the  rest  of  the  bone. 
The  calcaneum,  astragalus,  and  cuboid  are  all  remarkable  for 
their  length :  the  scaphoid  sends  a  long  and  thick  process  down- 
ward and  forward  to  beneath  the  middle  cuneiform  and  the  base 
of  the  inner  metatarsal.  There  are  four  distinct  metatarsals  and 
four  toes.  An  oblong  ossicle,  attached  to  the  inner  side  of  the 
base  of  the  inner  metatarsal,  may  be  a  rudiment  of  the  metatarsal 
of  the  hallux. 

In  the  Smaller  Jumping  Mouse  {Dipus  Saffitta),  fig.  232,  may 
be  noticed  the  large  size  of  the  ischium,  as  compared  with  the 
ilium,  and  the  coalescence  of  the  metatarsals  of  the  three  middle 
toes  into  one  bone,  m,  as  in  Birds.  Both  hallux  and  little  toe  are 
wanting.  The  lower  half  of  the  slender  fibula  is  anchylosed  to 
the  tibia. 

The  climbing  Squirrels  (Sciuridce)  have  four  digits  on  the  fore 
foot,  and  five  digits  on  the  hind  foot,  conversely  to  the  Helamys. 
AH  possess  complete  collar-bones.  In  Sciurus  maximus  the 
acromion  is  bent  almost  at  right  angles  with  the  spine  of  the 
scapula,  and  it  terminates  in  three  prominences :  the  coracoid  is 
unusually  long.  The  humerus  is  perforate  above  the  inner 
condyle,  but  not  between  the  condyles.  In  the  femur  the  small 
trochanter  is  unusually  prominent :  there  is  also  a  trochanterian 
ridge  below  the  base  of  the  great  trochanter.  In  the  Grey 
Squirrel  {Sc.  cinereus)  the  scapula  is  remarkable  for  the  num- 
ber and  strength  of  the  intermuscular  cristas :  of  these,  that 
which  is  commonly  called  the  '  spine '  is  the  largest,  its  breadth 
being  equal  to  that  of  the  infraspinal  fossa :  this  fossa  is  bounded 
by  a  second  ridge,  formed  anteriorly  by  the  outwardly  bent 
lower  costa,  but  being  distinct  from  the  costa  at  its  posterior 
third.  The  two  T»nti'<'  *  nuuMB  of  the  ^  subscapularis '  muscle 
are  divided  \  OSt,  like  the  spine,  rising  from 
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the  inner  surface  of  the  scapula.  Both  the  acromion  and  c 
are  well  developed. 

The  humerus  is  perforated  above  the  inner  condyle :  t 
tuberosity  which  appears  to  be  supported  by  four  com 
columnar  ridges  or  processes.  The  deltoid  and  supinatoi 
are  well  marked.  The  shaft  of  the  ulna  is  much  compress 
distal  portion  coalesces  with  that  of  the  radius.  In  the 
an  accessory  ^  intermedium  '  is  wedged  between  the  scaph< 
trapezium.  The  bones  of  the  pollex  support  the  tuberc 
outwardly  represents  that  digit ;  the  Squirrel's  favourite 
mainly  held  between  the  *  thumb  tubercles '  when  opera 
by  the  chisel-teeth.  In  the  pelvis  the  epicotyloid  tuhi 
strongly  developed :  the  ilia  articulate  with  the  first  saci 
tebrse  exclusively,  but  the  ischia  abut  against  the  long  tnu 
processes  of  the  first  caudal:  beyond  this  vertebra  the 
develope  on  each  side  two  tuberosities,  one  at  the  usual 
the  other  and  stronger  one  near  the  lower  end  of  the  sym 
The  femur  shows  an  almost  equal  developement  of  the 
trochanters.  The  medullary  artery  enters  on  the  inner  i 
the  shaft,  just  below  the  small  trochanter. 

The  tibia  and  fibula  coalesce  distally.  There  is  an 
articular  ossicle  in  the  knee-joint ;  a  patella ;   and  two  £ 

247 


Flying  Squirrel  tPUromyt  volueella) 


one  behind  each  femoral  condyle.  In  the  tarsus  an 
accessory  ossicle  is  wedged  between  the  calcaneum^ 
astragalus,  naviculare,  and  entocuneiforme. 

The  little  Flying  Squirrel  {Pteromys  voluceUd^  fig. 
i  247,  is  chiefly  remarkable  for  the  long  and  stiv 

lage,  a,  projecting  from  the  ulnar  side  of  th 
in  supporting  the  lateral  fold  of  integumair 
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chute  to  support  this  light  and  delicate  species  of  Rodent^ 
fig.  154,  in  its  long  flight-like  leaps  from  bough  to  bough.  In- 
creased stiflness  and  resistance  are  imparted  to  the  bones  of 
the  arm  by  the  anchylosis  of  the  radius,  54,  and  ulna,  55,  at 
their  distal  halves.  The  tibia,  66,  and  fibula,  67,  are  similarly 
united. 

There  are  few  generalisations  deducible  firom  the  limb-bones  of 
Rodentia,  The  absence  of  clavicles  accords,  in  the  main,  with 
natural  groups;  but  Lagomys  is  an  exception  among  Leporidce 
and  Chinchilla  among  HystricidcB,  Wth. :  most  non-claviculate 
Rodents  have  the  tibia  and  fibula  distinct. 

Among  the  bones  of  the  splanchnoskeleton  may  be  noted  the 
'os  penis,'  which  is  present  in  most  members  of  the  Rodent 
order. 

§  182.  Skeleton  of  Insectivora, — The  present  like  the  preceding 
Lissencephalous  order  has  species  organised,  not  only,  as  in 
Hedgehogs,  for  ordinary  terrestrial  progression,  but  also  for  leap- 
ing and  swimming,  and  in  a  more  especial  degree  for  burrowing 
and  flying. 

A.  Vertebral  Column, — In  the  Hedgehog  the  vertebral  for- 
mula is: — 7  cervical,  15  dorsal,  6  lumbar,  3  sacral  (or  L  5,  s  4), 
and  14  caudal.  The  transverse  processes  of  the  last  cervical  are 
not  perforated.  All  the  processes  are  small  throughout  the  verte- 
bral column,  and  offer  no  impediment  to  the  free  inflection  of  the 
spine  required  in  the  defensive  array  of  the  prickly  integument. 
The  sacrum  is  narrow  and  articulates  by  three  vertebrae  with  the 
ilia:  these  form  an  angle  of  130°  with  the  spinal  column :  the 
ilio-pubic  angle  is  about  150°:  the  symphysis  is  short  and  the 
pelvic  outlet  large.  The  neural  canal  is  widest  in  the  cervical 
region,  contracts  towards  the  middle  of  the  back,  and  expands  a 
little  in  the  loins.  Seven  pairs  of  ribs  directly  join,  by  hsema- 
pophyses  often  ossified,  the  sternum,  which  consists  of  four  bones. 
The  cancellous  structure  of  the  vertebrae  is  light  and  open. 

The  Tenrecs  (Centetes)  have  19  dorsals  with  5  lumbar  ver- 
tebrae, and  the  neural  spines  are  longer  on  the  anterior  ones  and 
the  contiguous  cervical  vertebrae,  in  relation  to  the  larger  skull 
and  more  powerful  jaws  of  these  tropical  Hedgehogs. 

In  the  leaping  Macroscelides,  with  d  13,  I  7,  the  neural  spines 
of  the  hinder  dorsal  and  lumbar  vertebrae  are  longer,  and,  with 
those  anterior  to  them,  indicate  ^  a  centre  of  motion'  of  the  trunk. 
The  OMidal  vertebrsD  are  more  numerous  and  have  haemapophyses 
in  part  of  the  aeries.  This  part  of  the  skeleton  is  also  well  deve- 
loped in  aias. 

T^  CO 
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In  the  burrowing  Mole,  fig.  248,  the  first  sternal  bone 
manubrium,  is  of  unusual  length,  being  much  produced  fonu 
and  its  under  surface  downward  in  the  shape  of  a  deep  kee 
extending  the  origin  of  the  pectoral  muscles.  Seven  pair 
ribs  directly  join  the  sternum,  which  consists  of  four  bone 


248 
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Mole  {Talpa 
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addition  to  the  manubrium  and  an  ossified  ensiform  ap 
dage.  The  neural  spines,  which  are  almost  obsolete  in  the 
eight  dorsals,  rapidly  gain  length  in  the  rest,  and  are  w 
verted  in  the  last  two  dorsal  vertebr®.  The  diapophyses,  l 
developed  in  the  posterior  dorsals,  determine  the  nature  oi 
longer  homologous  processes  in  the  lumbar  vertebras.  In  i 
the  neural  spines  are  low,  but  of  considerable  antero-post 
extent:  the  diapophyses  are  bent  forwai 
the  last  four  vertebras:  a  small,  deta« 
wedge-shaped  hypapophysis,  fig.  249,  C, 
fixed  into  the  lower  interspace  of  the  b 
of  these  vertebrae. 

The  ossa  innominata  have  coalesced  witi 
sacrum,  fig.  248,  ^,  but  not  with  each  othei 
pubic  arch,  64,  remaining  open.  The  bodi 
the  sacral  vertebras  are  blended  togethei 
are  carinate  below:    their  neural  spines 

The  aceti 
In  the  G 
cal  series  the  odontoid  process  shows  a  sharp  hypapoph 
the  neural  spine  of  the  dentata,  fig.  249,  a,  2,  is  large  anc 
tended  back  over  the  third  vertebra:  the  neural  arches  of 
and  the  succeeding  vertcbraj  form,  above  the  zygapophjses, 
simple  arches,  without  spines;  the  transverse  processes  oi 
fourth,  fifth,  and  sixth  cervicals  are  produced  forward  and  I 
ward,  and  overlap  each  other,  ib.  4^6 :    in  the   seventh  i 


i    »   4  i  6  7 


A,B.corvic»i»,c,iumi)an..    coalcsccd  to  foHU  a  high  ridgc. 
look  almost  directly  outward. 
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processes  are  reduced  to  tubercular  diapophyses  which  are  not 
j)erforated :  the  bodies  of  the  vertebr®  are  depressed  and  quadrate^ 
ib.  B. 

Among  the  volant  Insectivora  the  vertebral  formula^  in  Ves^ 
pertilio  murinusy  gives — 7  cervical,*  12  dorsal,  7  lumbar,  3  sacral, 
and  12  caudal.  The  chief  characteristics  of  the  trunk-skeleton  in 
Bats  are : — the  gradual  diminution  of  size  of  the  spinal  column 
from  the  cervical  to  the  sacral  regions;  the  absence  of  neural 
spines,  a  keeled  sternum,  and  a  feeble  slender 
pelvis.  In  a  frugivorous  Bat  {Pteropus  fus-- 
cusy  fig.  156)  I  find  the  following  vertebral 
formula: — 7  cervical,  14  dorsal,  4  lumbar, 
and  6  sacral.  The  keel  of  the  large  manu- 
brium sterni  is  produced  into  a  process  at 
each  angle:  the  three  succeeding  sternal 
bones  are  carinate :  seven  pairs  of  ribs  di- 
rectly join  the  sternum.  The  narrow  sub- 
cylindrical  ilia,  fig.  250,  a,  coalesce  with  the 
sacral  vertebraj,  and  are  parallel  with  the 
spinal  column :  the  pubis,  ib.  5,  is  continued  in  a  line  with  the 
ilium  to  the  symphysis, 
ib.  Cy  which  is  but  slightly 
closed  in  the  male,  and 
remains  open  in  most 
female  Bats.  There  is  a 
*  pectineal '  process,  ib.  A, 
in  Pteropus,  The  ischium, 
ib.  dy  joins  the  last  sacral 
vertebra  and  defines  a 
sacrosciatic  foramen.  The 
acetabula  look  backward  (dorsad)  as  well  as  outward. 

B.  The  Skull. — This,  in  Pteropus  and  GaleopithecuSy  fig.  253, 
manifests  the  lissencephalous  afiinity  by  the  squamosal  being  per- 
forated by  a  venous  canal  behind  the  root  of  the  zygoma,  by  the 
suspension  of  the  malar,  26,  in  the  zygoma,  by  the  distinct  petro- 
tympanic, 28,  by  the  vertical  occiput,  small  cranial  cavity,  and 
blended  orbital  and  temporal  fossae.  The  orbit  is  partly  defined 
behind  by  long  and  slender  processes  of  the  frontal,  ib.  u,  which 
is  perforated  by  a  superciliary  foramen*  The  parietals,  ib.  7, 
usually  coalesce  at  the  sagittal  suture,  bat  rarely  develope  a  crest 
The  occipital  condyles,  ib.  2,  are  terminal,  and  tlie  phme  of  the 
foramen  is  vertical.     The  basiocdpitaL  te  plate. 

The  lacrymal,  ib.  73,  is  in  great  pai  jnes,  20, 

ooi 


Skull  of  PUropua, 


388 


ANATOMY  OF  VERTEBRATES. 


t' 


) 


i^ 


Mtindlble. 
Skull  of  Pteropu*. 


are  entire.    In  Pteropus  the  palatal  processes  of  the  maxilla 
show  a  long  fissure :  those  of  the  premaxillaries^  ib.  22,  are  d 

252  by  a  triangular 

men  incisivum.' 

mandible    has  a 

and  high  coronoi 

cess :       the     ang 

rounded.     In    Gc 

thecus  the    corona 

smalL 

In  the  cranial  < 
the  rhinencephali< 
is  large  and  wel 
fined.  The  pc 
shows  a  deep  ce 
lar  fossa,  overarch 
the  vertical  semici 
canal.  The  ^  selli 
no  clinoid  process 
In  most  insectivorous  Bats  the  occipital  condyles  are 
terminal,  the  superoccipital,  fig.  254,  3,  sloping  backward 

253  contributing  to  the 
continued  forwar 
the  interparietal 
parietal  bones.  TI 
cipital  foramen  is 
large.  The  mastc 
is  large  and  di£ 
giving  attachment 
tympanic,  as.  The 
sphenoid  is  broad 
fiat  as  in  Pieropiu 
252,  6.  The  front 
no  postorbital  pr 
The  zygomatic  pa 
the  squamosal,  27 
malar,  26,  are  sic 
The  premaxiUarie 
very  small :  in  some 
they  are  wanting  1 
nolophus)y  or  are  1 
sented  by  separate 

ties  attached  to  the  fore-part  of  the  maxillaries.      The 
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SlraU  of  Bat  (PhyUo$toma). 


has  the  angle  usually  produced,  fig.  254,  a.      The  malleuB  and 
incus  are  united ;  the  crura  of  the  stapes  are  long  and  slender. 

The  skull   of  the  Mole  {Talpa,   fig.   255)  is  subdepressed, 
pyriform,  large  be- 
hind, tapering  to  the 
fore-part,   which    is 
prolonged     by    the 
prenasal   ossicle,   n. 
The    outer    surface 
of  the    cranium    is 
smooth   and   devoid 
of  crests:    it  is  re- 
markable    for     the 
extension     of     the 
superoccipital  upon 
its  upper  part,  and 
for     the     expanded 
mastoids.     The  very  slender  zygomata  show  no  distinct  malar 
bones.       The  petrosal  is  largely  and  deeply  excavated  by  the 
cerebellar  fossa.      The  rhi- 
nencephalic  fossa   is    large 
and  well  defined.     The  basi- 
occipital    and    basisphenoid 
are    thick    and    of   a    fine 
spongy  texture.      The  orbit 
is  no  way  defined  from  the 
temporal  fossa :    the  antor- 
bital  foramen  is  large.     In 
the  Cape  Mole  (  Chrysochlo- 
ris)  the  cranium  resembles 
that  of  the  bird  in  its  thin 
smooth    convex    walls,    its 
great  transverse  and  verti- 
cal diameters,  its  allocation 
at  the  back  of  the  skull,  and 
by  the  transverse  crest  ex- 
tending,   as    in    some   sea- 
birds,  from  one  mastoid,  over 
the    vertex,  to    the   other. 
The  base  of  the  zygomatic 
process  of  the  squamosal  is 
deeply  excavated  anteriorly,  and  the  zygomata  converge,  straight, 
to  the  maxilla.     Some  Shrews  {Amphisorex)  have  no  zygomata. 


Skull.  Mandible. 

Mule :  ma^iifled. 
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In  the  Cape  Mole  {Chrysochloris)  the  clavicle  is  long; 
humerus  is  short  and  arcuate^  with  a  single  proximal  articuL 
The  radius  and  ulna  coalesce.  The  carpus  consistB  of  a  soap 
usually  confluent  with  a  trapezoid,  fig.  259,  s,  ti  a  lunai 
small  size,  articulated  to  both  radius,  54,  and  ulna^  and  pre 
ing  the  opposite  and  larger  surface  to  the  ma^um,  m ;  i 


258 


259 


DoncB  of  the  fore-foot,  Mole : 


Bones  of  tlM  fore-foot,  ClbnF«odUori« : 


smaller  cuneiforme ;  and  a  pisiforme,  p^  in  the  form  of  a 
subcylindrical  bone  extending  from  the  carpus  to  the  bun 
and  simulating  a  third  antibrachial  bone.  On  the  outer  s 
the  magnum,  m,  is  a  small  unciforme  supporting  a  rudimem 
fourth  metacarpal.  The  functional  digits  are  but  two  :  th 
lex  is  represented  by  a  metacarpal  and  two  short  phalange 
second  being  styliform,  I :  the  index,  ii,  consists  of  a  short 
carpal,  a  phalanx  representing  the  first  and  second  confluen 
and  a  larger  ungual  phalanx,  s,  cleft  at  the  end.  The  m 
III,  is  of  monstrous  proportions :  its  metacarpal  is  broadei 
long,  to  which  articulates  an  enormous  ungual  phalanx^  iii, 
cate  through  the  depth  of  the  terminal  cleft.  A  metacarj 
presentative  of  the  fourth  digit,  iv,  is  firmly  articulated  witi 
strengthens  the  base  of,  the  third  digit. 

The  volant  Insectivora  are  as  remarkable  for  the  lengtl 
slenderness  of  the  arm-  and  finger-bones,  as  the  tommnial  ■] 
for  the  opposite  proportions.  The  Common  Bat  {^Vm^ 
murinus)  has  long  and  strong  bent  clavicles:  broad. aoa{ 
elongated  humeri :  still  more  elongated  and  slender  ' 
metacarpals  and  phalanges  of  the  four  fingers^  whio] 
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claws^  the  thumb  being  short  and  provided  with  a  claw :  the 
pelvis  is  small,  slender,  and  open  at  the  pubis:  the  fibula  is 
absent,  like  the  ulna  in  the  fore-arm:  and  a  long  and  slender 
styliform  appendage  to  the  heel  helps  to  sustain  the  caudo-femoral 
membrane. 

In  the  frugivorous  Bat  {PteropuSy  fig.  156)  the  clavicles,  58, 
are  long,  arched,  and  very  powerful.  The  humerus,  53,  is  long, 
slender,  gently  sigmoid.  The  ulna,  55,  is  slender,  and  terminates 
in  a  point  at  the  lower  third  of  the  radius,  54 :  the  olecranon  is  a 
detached  sesamoid  ossicle.  The  index,  ii,  has  a  claw  as  well  as 
the  pollex,  i :  the  ungual  phalanx  is  wanting  in  the  other  three 
digits,  in  which  the  second  phalanx  is  long,  slender,  and  termi- 
nates in  a  point.  The  femur,  65,  is  straight,  half  the  length  of 
the  humerus :  the  tibia,  66,  is  more  slender,  rather  longer  than 
the  femur :  the  fibula  is  in  the  form  of  a  slender  style  ascending 
from  the  outer  malleolus  and  terminating  above  in  a  point  The 
inner  digit  of  the  foot,  ?,  is  a  little  separated  from  the  other  four, 
17,  which  are  of  equal  length,  and  unguiculate  for  suspending  the 
body. 

In  the  Colugo  (^Galeopithecus)  the  ulna  terminates  in  a  point 
at  the  lower  fourth  of  the  radius :  all  the  five  digits  of  the  hand, 
like  those  of  the  foot,  have  claws  supported  on  deep  compressed 
ungual  phalanges. 

Amongst  the  most  remarkable  bones  of  the  scleroskeleton  is 
the  ossification  of  the  raph6  between  the  lateral  masses  of  the 
muscles  of  the  nape,  forming  a  styliform  bone  coextensive  with 
the  cervical  vertebrae,  in  the  Mole.  The  patella  in  the  triceps 
extensor  cruris,  and  the  fabella^  in  the  tendinous  origins  of  the 
gastrocnemii,  are  present  in  most  Insectivora.  The  os  penis  is 
also  found  in  this  order. 

§  183,  Skeleton  of  Bruta.  —  A.  Vertebral  Column. — In  the 
loricate  or  Armadillo  family  this  is  remarkable  for  the  pre- 
valence of  anchylosis  in  imusual  parts,  e.  g.  the  cervical  region, 
and  throughout  the  dorso-lumbar  regions  in  the  great  extinct 
Glyptodonts,  which  have  their  cuirass  in  one  piece. 

In  the  Nine-banded  Armadillo  {Dasypus  Pebuy  fig.  260),  the 
vertebral  formula  is: — 7  cervical,  10  dorsal,  5  lumbar,  8  sacral, 
and  16  caudal.  The  spine  of  the  dentata  is  compressed,  lofty,  and 
developed  backward  beyond  those  of  the  third  and  fourth  cervicals, 
with  which  it  has  partially  coalesced :  a  corresponding  coalescence 
has  taken  place  between  the  bodies  of  these  vertebra;,  which  are 
unuBiiaUy  broad  an'  The  diapophysial  part  of  the 

tntn8ver8&  prooeiM^  lal  abuts  against  the  tubercle 
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of  the  first  broad  dorsal  rib:  the  pleurapophysial   part 
same  transverse  process  is  broad  and  shorty  and  extends 
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ward  in  front  of  the  same  rib.  The  last  three  cer>'ical8, 
have  no  spinous  processes ;  that  of  the  first  dorsal  rise 
considerable  height,  and  those  of  the  remaining  dorsals,  ] 
lumbar  vertebi-ie,  L,  attain  the  same  horizontal  line.  The 
pophysis  is  first  fully  developed  ui)on  the  seventh  dorsal,  an 
gressively  elongates  to  the  last  lumbar,  fig.  261,  wi :   it  pi 

an  articular  surface  i 
under  and  fore  part 
base  to  be  articulatec 
the  anapophysis  of  the 
cedent  vertebra.  Th( 
pophyses  increase  in 
ness  rather  than  in  lei 
the  succeeding  vertebr; 
upon  the  last  dorsal  prei 
articular  surface  at  theii 
part  for  connection  witl 
rai^physiB,  ib.  />.  Th 
cessory  joints  coexist  w 
ordinary  articulations  between  the  anterior  and  posterior  i 
physcs,  and  there  are  consequently  twelve  joints 
pair  of  vcrtebraj,  in  addition  to  the  ligamentous 
bodies  of  the  vertelira;,  ib.  c.  This  mechamspr* 
give  great  strength  and  fixedness  to  the  verti 
in  relation  to  the  suj)[)ort  of  the  bony  carapai 


VtTU'brnl  nrrlilUTtnro  for  f«ui»p«»rt  of  caniivacr, 
Arin.iillll(». 
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the  affording  a  firm  fulcrum  or  centre  to  the  powerful  muscular 
forces  exercised  by  the  limbs  in  the  act  of  burrowing.  The 
elongated  metapophyscs  have  a  more  direct  relation  to  the  sup- 
port of  the  carapace,  the  spinous  processes  representing  the 
'  king-i)osts,'  ib.  w,  and  the  metapophyscs  the  *  tie-beams,'  ib.  ///, 
in  the  architecture  of  a  roof.     The  sacral  vertebne  progressively 

I  increase  in  breadth  after  the  second,  to  form  an  extensive  junc- 

I  ture  with  the  ischial  bones.  The  tuberosities  of  the  ischia, 
fig.  260,  63,  and  similar  tuberosities  at  the  fore-part  of  the  ilia, 
fig.  277,  62,  bend  outward  and  upward,  to  afford  four  strong 
additional  supports  to  the  bony  carapace :  the  long  diai)ophyses 
of  the  first  caudal  vertebra  abut  against  those  of  the  last  sacral 
vertebra  and  the  tuberosities  of  the  ischia.  The  metapophyscs 
reappear  ujjon  the  second  caudal  vertebra,  and  continue  to  the 
antepenultimate  one,  where  they  are  reduced  to  ridges  upon  the 
anterior  zygapophyscs.  Hasmal  arches,  with  short  terminally  ex- 
panded and  flattened  spines,  are  present  beneath  the  intervals  of 
many  tail-vertebras.     In  Glj/ptodon  the  caudals  coalesce. 

The  posterior  dorsal  ribs  are  deeply  excavated  upon  their 
external  surface;    five   pairs  directly  join    the   sternum,  which 

'  consists  of  six  bones,  a  very  small  one  being  inter|)08ed  be- 
tween the  fourth  and  the  long  one  supporting  the  ensiform  carti- 
lage. 

In  the  Cape  Anteater  {Orycteropus\  the  vertebral  formula 
is: — 7  cervical,  13  doi-sal,  8  lumbar,  6  sacral,  and  25  caudal  : 
anchylosis  is  limited  to  the  sacral  region  :  the  cervical  transverse 
processes  overlap  each  other;  the  costal  part  of  the  sixth  is  a 
broad  plate.  The  dorsal  and  lum])ar  neural  spines  are  much 
longer  than  those  of  the  cervical,  and  are  subequal :  they  slightly 
converge  to  that  of  the  twelfth  dorsal,  which  is  vertical,  indicating 
a  greater  extent  of  inflection  of  the  trunk  than  in  the  Soutli 
American  Anteater;  increased  freedom  of  motion  is  likewise 
favoured  by  the  less  complex  character  and  mode  of  union  of  the 
vertebne.  An  accessory  tubercle  is  developed  upon  the  diajK)- 
physis  of  the  seven  anterior  dorsal  vertebrsc,  which  divides  near 

*  the  eighth  into  mctapophysis  and  anapophysis.  These  progres- 
sively increase  and  diveige  from  one  another  in  the  succeeding 
dorsals,  and  in  the  first  Iwnbar  vertebra  the  mctapophysis  pro- 
jects upward,  outward,  and  forward  upon  the  outside  of  the 
anterior  sygapophysis ;  whilst  the  anapophysis  extends  backward 
from  the  back  part  us,  which  it  ecpials  in  length. 

The  anapbphjni  n  the  following  lumbar  vertc- 

farsB  and  disapp  metapophysis  also  decreases 
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zn  f£se«  Vni  is'  cvatmiMd  tkrou^Jiaiit  the  lumbar  series  and  along 
|wn  cc  die  sKnL  Tlie  sacnl  spines  coalesce^  leaving  interves- 
iitsr  Ktnauuu  £&  2^.  « :  tbe  tnnsTerse  processes  of  the  three 

anterior  sacrals  join  the  Dk 
^*^  ^,  y;    those    of    the   Awe 

posterior  ones  coalesce  to 
form  a  broad  depressed  jdite, 
with  the  posterior  angles 
prodaced,  ib.  *,  but  not  job- 
ing  the  ischia.  These  haie 
a  long  and  broad  tuber  isdii 
ib.  ky  L  The  pubis,  d^  is 
long  and  slender:  the  pec- 
lineal  spine,  iK  A,  is  long :  the  STrnphysis  pubis  is  short ;  the 
lumK>-iliac  angle  is  140\  Metapophyses  are  developed  firoo 
the  outside  of  the  anterior  zygapc^yses,  as  far  as  these  extod 
aloi^  the  caudal  series  viz.  to  the  eighth  vertebra  ;  beyond  tbeie 
the  metapophyses  are  developed.,  independently  of  die  zygapophr- 
ses,  to  near  the  texnunation  of  the  taiL  The  haemal  arches  oon- 
mence  below  the  interspace  between  the  second  and  third  caodak, 
and  are  continued  as  far  as  that  between  the  sixteenth  and  sevet- 
teenth.  The  neural  aixrh  disappears  upon  the  sixteenth  candil 
vertebra- 

In  the  Scaly  Anteater  {Mamis  peniadactyla,  fig.  158),  the 
transverse  prx-^cess  of  the  seventh  cervical  is  perforated  :  its  spine 
is  longer  tluui  that  of  the  others.  There  are  13  dorsal  vertebne. 
The  nine  anterior  pairs  of  ribs  directly  articulate  with  the  ster- 
num, which  consists  of  ten  bones.  The  tenth  is  of  unusual 
length,  and  supports  a  still  longer  and  much-expanded  xiphoid 
cartilage.  The  metapophyses  commence  as  tubercles  on  the  first 
dorsal  vertebra,  and  rapidly  increase  in  size  in  the  succeeding 
vertebrae.  The  anapophyses  are  not  developed  in  this  geniUb 
There  are  4  lumbar,  4  sacral,  and  26  caudal  vertebne.  The  me- 
tapophyses continue  to  be  developed  from  the  sacral  series.  The 
transverse  processes  of  the  last  sacral  suddenly  expand  both  in 
length  and  breadth,  and  articulate  with  the  tuberosities  of  tbe  * 
ischia.  Well-developed  haemal  arches  are  articulated  to  the  in- 
ferior interspaces  of  the  caudal  vertebne  as  far  as  the  penultimate 
one.  The  anterior  zygai)ophyses  cease  upon  the  fourteenth  ver- 
tebra, but  the  metapophyses  are  continued  as  far  as  the  penulti- 
mate caudal.  The  neural  arch  gradually  subsides  and  disappears 
upon  the  twentieth  caudal  vertebra,  which  consists  of  centrum, 
diapophyses,  metapophyses,  and  the  hsemal  arch. 
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In  the  skeleton  of  the  Great  Anteater  {Myrmecophaga  jubata, 
fig.  263),  the  vertebral  formula  is : — 7  cervical,  15  dorsal,  3 
lumbar,  5  sacral,  and  35  caudal.  The  atlas  is  pierced  in  two 
places  obliquely  at  the  fore-part  of  the  neural  arch  on  each  side. 
The  axis  has  a  transverse  perforation  on  each  side  the  neural  arch 
anterior  to  the  transverse  process,  which  is  imperforate.  The 
transverse  processes  of  the  three  succeeding  cervlcals  are  imper- 
forate, the  vertebral  artery  entering  the  neural  canal  behind,  and 
perforating  obliquely  the  base  of  the  neurapophysis,  anteriorly. 
In  the  sixth  cervical,  the  canal  for  the  vertebral  artery  runs 
through  the  base  of  the  transverse  process.  These  processes  are 
much  extended  antero-posteriorly  in  all  the  cervicals  and  overlap 


263 


Myrmecophaga  jmbata. 


each  other:  their  di-  and  pleur-apophysial  portions  are  very 
distinct  m  the  fifth  and  sixth  cervicals.  The  spine  of  the  seventh 
is  longer  than  the  rest  and  truncate  above ;  it  is  much  exceeded 
in  antero-posterior  diameter  by  the  spine  of  the  first  dorsal.  A 
metapophysial  tubercle  is  developed  from  the  outer  side  of  the 
prozygapophysis  in  all  the  five  posterior  cervicals.  It  is  placed 
more  outwardly  in  the  first  and  second  dorsals,  and  gets  upon  the 
top  of  the  diapophyses  in  the  succeeding  dorsals.  In  the  eleventh 
dorsal  the  metapophysis  begins  to  resume  its  former  position,  and 
developes  an  articular  surface  from  its  under  part,  which  joins  the 
upper  articulating  surface  of  the  anapophysis  of  the  preceding 
vertebra.     In  the  thirteenth  dorsal^  the  metapophysis  is  half-way 
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in  size,  but  is  continued  throughout  the  lumbar  series  and  along 
part  of  the  sacral.  The  sacral  spines  coalesce^  leaving  interven- 
ing foramina,  fig.  262,  a :  the  transverse  processes  of  the  three 

anterior  sacrals  join  the  ilii, 
^^^         „  Cy  g\    those    of    the   three 

posterior  ones  coalesce  to 
form  a  broad  depressed  plate, 
with  the  posterior  angles 
produced,  ib.  6,  but  not  join- 
ing the  ischia.  These  hare 
a  long  and  broad  tuber  isdiii, 
ib.  A,  /.     The   pubis,  d.  is 

Pelvis  of  OryctcropuB.  '  tf  >       » 

long  and  slender:  the  pec- 
tineal spine,  ib.  A,  is  long;  the  symphysis  pubis  is  short;  the 
lumbo-iliac  angle  is  140°.  Metapophyses  are  developed  from 
the  outside  of  the  anterior  zygapophyses,  as  far  as  these  extend 
along  the  caudal  series,  viz.  to  the  eighth  vertebra  ;  beyond  thcac 
the  metapophyses  are  developed,  independently  of  the  zygapqthj- 
ses,  to  near  the  termination  of  the  taiL  The  hasmal  arches  com- 
mence below  the  interspace  between  the  second  and  third  candab, 
and  are  continued  as  far  as  that  between  the  sixteenth  and  seven- 
teenth. The  neural  arch  disappears  upon  the  sixteenth  caudal 
vertebra. 

In  the  Scaly  Anteater  {Manis  pentadactylcy  fig.  158),  the 
transverse  process  of  the  seventh  cervical  is  perforated :  its  spine 
is  longer  than  that  of  the  others.  There  are  13  dorsal  vertebne. 
The  nine  anterior  pairs  of  ribs  directly  articulate  with  the  ster- 
num, which  consists  of  ten  bones.  The  tenth  is  of  unusual 
length,  and  supports  a  still  longer  and  much-expanded  xiphoid 
cartilage.  The  metapophyses  commence  as  tubercles  on  the  first 
dorsal  vertebra,  and  rapidly  increase  in  size  in  the  succeeding 
vertebne.  The  anapophyses  are  not  developed  in  this  genua 
There  are  4  lumbar,  4  sacral,  and  26  caudal  vertebrae.  The  me- 
tapophyses continue  to  be  developed  from  the  sacral  series.  The 
transverse  processes  of  the  last  sacral  suddenly  expand  both  in 
length  and  breadth,  and  articulate  with  the  tuberosities  of  the  * 
ischia.  Well-developed  haemal  arches  are  articulated  to  the  in- 
ferior interspaces  of  the  caudal  vertebne  as  far  as  the  penultimate 
one.  The  anterior  zygapophyses  cease  upon  the  fourteenth  ver- 
tebra, but  the  metapophyses  are  continued  as  far  as  the  penulti- 
mate caudal.  The  neural  arch  gradually  subsides  and  disappears 
upon  the  twentieth  caudal  vertebra,  which  consists  of  centrum, 
diapophyses,  metapophyses,  and  the  hsemal  arch. 
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In  the  skeleton  of  the  Great  Anteater  {Myrmecophaga  jubata, 
fig.  263),  the  vertebral  formula  is : — 7  cervical,  15  dorsal,  3 
lumbar,  5  sacral,  and  35  caudal.  The  atlas  is  pierced  in  two 
places  obliquely  at  the  fore-part  of  the  neural  arch  on  each  side. 
The  axis  has  a  transverse  perforation  on  each  side  the  neural  arch 
anterior  to  the  transverse  process,  which  is  imperforate.  The 
transverse  processes  of  the  three  succeeding  cervicals  are  imper- 
forate, the  vertebral  artery  entering  the  neural  canal  behind,  and 
perforating  obliquely  the  base  of  the  neurapophysis,  anteriorly. 
In  the  sixth  cervical,  the  canal  for  the  vertebral  artery  runs 
through  the  base  of  the  transverse  process.  These  processes  are 
much  extended  antero-posteriorly  in  all  the  cervicals  and  overlap 
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each  other:  their  di-  and  pleur-apophysial  portions  are  very 
distinct  in  the  fifth  and  sixth  cervicals.  The  spine  of  the  seventh 
is  longer  than  the  rest  and  truncate  above ;  it  is  much  exceeded 
in  antero-posterior  diameter  by  the  spine  of  the  first  dorsaL  A 
metapophysial  tubercle  is  developed  from  the  outer  side  of  the 
prozygapophysis  in  all  the  five  posterior  cervicals.  It  is  placed 
more  outwardly  in  the  first  and  second  dorsals,  and  gets  upon  the 
top  of  the  diapophyses  in  the  succeeding  dorsals.  In  the  eleventh 
dorsal  the  mctapophysis  begins  to  resume  its  former  position,  and 
developes  an  articular  surface  from  its  under  part,  which  joins  the 
upper  articulating  surface  of  the  anapophysis  of  the  preceding 
vertebra.     In  the  thirteenth  dorsal^  the  mctapophysis  is  half-way 
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between  the  diapophysis  and  anterior  zrgmpoplijsis,  and  repots 
the  same  articulation  with  the  anapofdirsi^       In   the  bet  twn 
dorsal  vertebrae,  the  base  of  the  metapophTsis  derelopes  a  second 
articular  surface  from  its  inner  side,  which  joins  a  new  or  aocei- 
sorr  articular  surface  on  the  outside  of  the  posterior  xygxpofkrm 
of  the  antecedent  Tertebra.     Thb  tenon-and-mortice  articnkuioi 
of  the  metapophvsis  with  the  zygapophysis  on  the  inner  side  aod 
with  the  anapophjsis  on  the  outer  ride,  is  repeated  throughoot 
the  whole  lumbar  series.    The  anapophysis  begins  to  be  devdoped 
from  the  anterior  dorsal  vertebra,  and  eTen   there  presents  an 
articular  surface  at  its  under  part  to  join  a  corresponding  sui&e 
on  a  parapophysis   developed   from  the  fore  and  outer  part  ot 
the  neural  arch  of  the  succeeding  vertebra.     In  the  tenth  dorsil 
a  second  articular  surface  is  established  in  the  upper  part  cf  the 
anapophyses  for  the  inferior  metapophysial  one  of  the  soooeediof 
vertebra ;  here,  therefore,  the  anapophysis  begins  to  be  morticed 
between  the  parapophyrial  and  metapophysial  articular  surfaces 
which  surfaces  continue  to  the  antepenultimate  lumbar  vertebn, 
from  which,  forward,  to  the  eleventh  dorsal,  there  are  sixteen 
joints  between  each  pair  of  vertebras.     But  this  complication  goes 
further ;  for,  in  the  penultimate  lumbar  vertebra,  a  third  articolir 
surface  is  developed  from  the  under  and  outer  part  of  the  an^xh 
physis,  which  joins  an  articular  surface  on  the  upper  and  fore  ptrt 
of  the  diapophysis  of  the  last  lumbar :  and  this  vertebra  is  united 
in  a  similarly  complex  manner  with   the  first  sacral  vertebn, 
which  would  make  eighteen  synovial  joints,  in  addition  to  those 
at  the  ends  of  the  centrum,  but  that  those  between  the  normal 
articular  processes,  or  zygapophyses,  are  now  suppressed.     The 
true   serial   homology  of  the   processes   as  *  parapophyses,'  de- 
veloped from  the  fore  part  of  the  base  of  the  neural  arch  to 
articulate  vnih  the  under  part  of  the  anapophyses,  is  well  illus- 
trated by  the  vertebne  of  the  Great  Anteater,  as  in  the  Mega- 
therium, in  which  the  true  diapophyscs  are  better  developed  than 
in  the  Armadillos. 

The  spines  of  the  sacrals,  ib.  s,  blend  into  a  bony  ridge ;  the 
transverse  processes  of  the  last  three  join  the  ischia.  Hamial 
arches  articulate  with  the  intervals  of  most  of  the  caudal 
vertebne. 

In  the  little  Two-toed  Anteater  the  dorsal  pleurapophyses  show 
a  chelonian  expansion  ;  but  overlap,  or  join  by  squamous  instead 
of  dentate  sutures. 

In  the  A\{Bradypu8  tridactylus,  fig.  263),  the  vertebral  formula 
is: — c  9,  D  16,  L  3,  s  6,  cd  11.     The  neural  arch  of  the  atlas  is 
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perforated  by  the  vertebral  artery  anteriorly,  and  by  the  cervical 
nerve  posteriorly.  The  spines  of  the  cervical  vertebrae  are  mo- 
derately and  equably  developed.  The  pleurapophysial  part  of  the 
transverse  process  of  the  eighth  cervical,  fig.  265,  a,  ply  is  more 
extended  antero-posteriorly  than  in  the  preceding  cervicals,  and 
long  remains  free.  The  pleurapophysis  of  the  ninth  cervical, 
ib.  by  ply  retains  its  freedom,  and  is  more  extended  in  the  direction 
of  its  length,  but  is  very  short  as  compared  with  the  homologous 
part,  ply  of  the  following  vertebra.  The  slender  neck  and  head 
of  this  little  rib,  joining  the  fore  part  of  its  centrum,  occasions  the 
perforated  character,  as  in  the  antecedent  cervical  vertebra.  A 
short  metapophysis  is  developed  from  the  fore  part  of  the  diapo- 
physis  of  tie  penultimate  dorsal  vertebra,  increases  in  size  in  the 
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last  dorsal,  and  ascends  upon  the  base  of  the  prozygapophysis  of 
the  third  lumbar  vertebra.  The  anapophysis  is  also  developed  from 
the  last  dorsal  and  from  the  three  lumbar  vertebras ;  it  is  short, 
with  an  articular  surface  applied  to  the  outer  side  of  the  pro- 
zygapophysis of  the  succeeding  vertebra.  The  spinous  processes 
gradually  subside  in  the  posterior  dorsals,  fig.  264,  D,  and  become 
obsolete  in  the  lumbar  vertcbne,  l.  The  first  pair  of  dorsal  ribs, 
ply  A,  is  anchylosed  to  the  manubrium,  *:  nine  pairs  directly 
articulate  with  the  sternum,  which  consists  of  eight  bones ;  these 
are  compressed,  and  progressively  increase  in  depth ;  the  hinder 
ones  are  divided  into  a  larger  posterior  and  a  smaller  anterior 
j)art,  between  which  are  four  articular  facets  on  each  side  for 
the  bifurcated  extremities  of  two  of  the  ossified  cartilages.    There 
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is  a  pair  of  hypapophyses  on  the  fifth,  sixth,  and  seTenth  caudal 

vertebrae.      The  pelvis  oon- 
^^^  sists  of  five    or   six   sacril 

vertebrae  coalesced  with  each 
other,  also  (1-4)  with  the 
ilia,  and  (5-6)  with  the  is- 
chia,  leaving  wide  ischiadie 
foramina,  fig.  266,  d.     The 
sacral  spines    are  obsolete, 
and  the  centrums  much  de- 
pressed.    The  ilia  are  short 
and  broad,  forming  an  an- 
terior concavity.       The  is- 
chial tuberosities  are  small, 
and   the   part   joining   the 
pubis   to   circumscribe  the 
large  obturator  foramina  is 
slender.    The  pubis  is  ak) 
slender,  and    forms  a  verr 
short  symphysis,    c.      The 
pelvic  outlet  is  wide. 
In  the  Two-toed   Sloths 
(Cholcepus)  the  vertebral  formula  is  c  7,  D  23,  L  3,  s  8,  cd  4, 
or  D  24,  L  2  ;  or  D  23,  L  4,  s  7,  the  number  being  essentially  the 

same.  The  second  and 
third  cervicals  sometimes 
coalesce.  ChoUxpus  Hoff- 
manni  has  only  six  cervi- 
cals.* Twelve  pairs  of  ribs 
join  the  sternum,  which 
consists  of  eleven  bones. 
Not  any  of  the  great  extbct 
Ground  Sloths  have  more 
than  seven  cervical  verte- 
brae ;  but  in  the  number  of 
dorsal  vertebne,  as  in  every 
other  bradypodal  character, 
they  manifest  their  true  af- 
finities. The  Mylodon,  fig. 
267,  offers  a  singular  con- 
trast with  the  Mole,  fig.  248,  in  the  proportions  of  the  sacrum : 
this,  by  anchylosis  yn^  the  three   lumbar  and  last  dorsal,  <&, 


Cenrical  and  dorsal  vertebne,  AL 
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PelTls  of  the  Ai,  anterior  view. 
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includes  eleven  vertebrae,  and  forms  one  strong  and  continuous 
bony  mass  along  the  whole  lumbar  region.  Its  total  length  is 
two  feet  four  inches,  and  it  gradually  increases  in  breadth 
to  the  sacro-iliac  union,  which  is  formed  by  the  first,  second, 
and  third  true  sacral  vertebrae,  and  there  presents  its  greatest 
breadth.  It  then  contracts  slightly,  and,  at  the  sixth  and  last, 
expands   again   to  join  the  ischia,  fig.  268,  c,  with  which  and 
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the  ilia  it  coalesces.  Its  anterior  surface  is  curved  both  laterally 
and  vertically.  The  spinal  canal  is  very  wide,  and  the  foramina 
passing  from  it  mark  the  primary  segments.  Their  neural  spines 
form  a  curved  crest,  ib.  ff.  There  are  twenty-one  caudal  ver- 
tebrae, fig.  267,  cd.  The  iliac  crest  is  arched,  thickened,  and 
rough ;  the  alae  notably  expanded.  The  ischia,  after  effecting 
the  sacral  confluence,  at  c,  arch  outward,  of  slender  form,  and 
expand,  at  A,  fig.  268,  to  join  the  still  more  slender  pubis,  ^, 
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in  size,  but  is  continued  throughout  the  lumbar  series  am 
part  of  the  sacral.  The  sacral  spines  coalesce^  leaving  in 
ing  foramina,  fig.  262,  a :  the  transverse  processes  of  th( 

anterior  sacrals  join  i 

^^^  c,  g ;    those    of   the 

posterior    ones    coal 

form  a  broad  depresse 

with    the    posterior 

produced^  ib.  6,  but  n 

ing  the  ischia.     The 

a  long  and  broad  tube 

ib.  A,  /.      Tlic  pubis 

long  and  slender:  tl 

tincal  spine,  ib.  /«,  is  long;   the  sjTnphysis  pubis  is  sho 

lunibo-iliac  angle  is  140**.      Mctapophyses    are    develope 

the  uutside  of  the  anterior  zvgapophyses,  as  far  as  these 

along  the  caudal  series,  viz.  to  the  eighth  vertebra ;  beyoi 

I    I  the  nietapophyscs  are  developed,  independently  of  the  zygj 

I    !  ses,  to  near  the  termination  of  the  tail.     The  htcmal  arch 

'   i  mence  below  the  interspace  between  the  second  and  third  ( 

:  ■  and  are  continued  as  far  as  that  between  the  sixteenth  anc 

'  V  tecnth.     The  neural  arch  disappears  upon  the  sixteentb 

;    I  vertebra. 

I    i  In   the    Scaly   Anteater  (^Manis  paitadactyla,    fig.  \t 

i  transverse  process  of  the  seventh  cervical  is  perforated :  i 

i  is  longer  than  that  of  the  others.     There  are  13  dorsal  vi 

The  nine  anterior  pairs  of  ribs  directly  articulate  with  t 

j  num,  which  consists  of  ten  bones.      The    tenth    is  of 

length,  and  supjwrts  a  still  longer  and  much-expanded 

cartilage.     The  metaj)ophyses  commence  as  tubercles  on 

dorsal  vertebra,  and  rapidly  increase  in  size  in  the  sui 

i    !  vertebra*.     The  anapophyses  are  not  developed   in   this 

There  arc  4  lumbar,  4  sacral,  and  26  caudal  vertebrae.     ' 

!    ',  tapophyses  continue  to  be  developed  from  the  sacral  serie 

■    *"  transverse  processes  of  the  last  sacral  suddenly  expand 

length  and  breadth,  and  articulate  with  the   tuberositie 

ischia.     Well-developed  haemal  arches  are  articulated  tc 

ferior  interspaces  of  the  caudal  vertebne  as  far  as  the  pen 

one.     The  anterior  zygapophyses  cease  upon  the  fouritee 

'  tebra,  but  the  mctapophyses  are  continued  as  fiar  as  the 

;  mate  caudal.     The  neural  arch  gradually  subsides  and  di 

upon  the  twentieth  caudal  vertebra,  which  consists  of  c 

diapophyses,  mctapophyses,  and  the  haemal  arch* 
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Skull  of  MyrvMcophaga  jubata.    CLI. 


The  large  pelvis,  the  union  of  the  ischia  with  the  sacrum,  and 
the  speedy  osseous  confluence  of  the  several  pelvic  elements,  are 
common  characteristics  of  the  spinal  colunm  of  the  Bruta :  in 
no  other  Mammalian  order  are  found  such  complex  vertebral 
articulations ;  and  here  alone  are  manifested  the  exceptional  in- 
stances of  affinity  to  certain  Ovipara  in  the  lower  cervicals  with 
free  ribs  of  the  Three-toed,  and  in  the  twenty-three  costigerous 
dorsals  of  the  Two-toed,  Sloths. 

B.  Skull, — The  skull  in  the  insectivorous  Bruta  is  long  and 
slender ;  these  proportions  reaching  their  extreme  in  true  Anteaters 
{Myrmecophaga^  fig.  269).  The  occipital  condyles,  2,  are  large 
and  terminal :  the  superoccipital,  3,  inclines  forward  as  it  rises  to 
join  the  parietals,  7,  which 
retain  their  *  sagittal '  suture. 
The  frontals  are  elongate, 
and  continue  the  smooth 
transversely  convex  cranial 
roof  forward  to  the  nasals,  1 6  ; 
these  are  still  longer,  being 
coextensive  with  the  maxillaries,  2i,  which,  with  the  mandible, 
32,  form  the  walls  of  the  bony  tubular  sheath  of  the  very  long 
tongue  :  the  premaxillaries  are  minute.  The  orbits  are  feebly 
defined:  the  lacryiiial,  73,  is  large  and  chiefly  antorbital.  A 
beginning  of  the  malar  is  appended  to  the  maxillary :  the  small 
squamosal  forms  the  flat  surface  for  the  mandibular  condyle,  but 
developes  no  zygoma.  The  tympanic,  28,  retains  its  separate  con- 
dition. The  petrosal  is  excavated  by  a  hemispheric  cavity  for 
the  condyle  of  the  stylohyal,  the  framework  of  the  tongue  in 
the  Anteaters  almost  equalling  the  mandible  in  its  amount  of 
bone. 

In  the  Pangolins  (MantSy  fig.  270)  the  cranium  also  shows  the 
inclination  of  the  occipital 
surface  from  below  upward 
and  forward,  the  plane  of 
the  foramen  magnum  being 
slightly  inclined  in  the 
same  direction.  The  exoc- 
cipitals,  2,  meet  above  the 
foramen.  The  superocci- 
pital, 3,  is  rhomboidal,  and 
it«  aspect  is  almost  wholly  upward.  The  mastoids,  8,  form  two 
hemispheric  protuberances  at  the  sides  of  the  occipital  region,  and 
the  ])etrosals  two  smaller  protuberances  at  the  sides  of  the  base  of 
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\  the  skull :  the  pterygoids,  24,  extend  backward  beyond  th 

fonii  the  sides  of  a  deep  and  wide  postnasal  groove.   The  t; 
I  bone  forms  the  lower  boundary  of  a  hemispheric  bulla,  whi 

niunioates  with  an  equal-sized  cavity  in  the  squamosal ;  a 
strip  of  the  petrosal  intervenes  between  the  tympanic  and  tl 
basioocipital.  The  zygomatic  process  of  the  squamosal,  27, 
but  little  beyond  the  joint  for  the  lower  jaw :  there  is  no 
malar.  The  premaxillaries,  22,  join  the  nasals,  15.  Tl 
lacrymal,  in  Manis  longicaudata^  is  wedged  in  between  t 
tal,  11,  and  maxillary,  21,  at  the  anterior  angle  of  the  orbi 
tooth-liko  processes  project  from  the  fore-part  of  the 
j  :  border  of  the  slender  under-jaw. 

In  the  hairy  Antcater  of  the  Cape  (^Orycteropus)  tin 
mastoid  and  tymj)anic  arc  distinct  from  each  other,  an 
their  primitive  separati(»n  from  the  squamosals.  The  < 
condyles  are  bilobcd,  the  inferior  and  smaller  lobe  being  d< 
from  the  basioccipitul.  The  zygomatic  arch  is  slender,  bu 
\  A  well-marked  venous  fossa  depresses  the  inner  bordei 

foramen  magnum ;  the  sella  is  large  and  moderately  de 
anterior  and  iM)sterior  clinoid  processes,  bounded  on  each 
the  carotid  channels,  external  to  which  are  the  deeper  G 
fossa\  There  are  few  mammalian  skulls  in  which  the 
cavity  is  more  eciually  divideil,  than  the  present,  into  tl 
cephalic,  mesencephalic,  ]>rosenceplialic,  and  rhinencephali 
bers ;  but  the  mesencephalic  chamber  contains  not  only  th< 
me8en(*ephalon,  but  also,  as  in  other  Mammals,  part  of  th 
wanlly  develoi^ed  prosence]>halon,  and  especially  those 
protuberances  called  *  natiform.'  The  ])etro8als  show  vcrj 
cerebellar  fossjc.  The  maxillary  has  seven  alveoli,  the  mai 
ramus  has  six :  but  the  small  anterior  ones  are  obliteral 
the  loss  of  their  teeth  in  old  animals.    Thehyoid  arch  is  la 

consists  of  the  stylohyi 

tohyal,   epihyal,    and   1 

,  elements,    with    the    a] 

thyrohyals,  or  *  comua  1 

In    the   Armadillos 

pus,  fig.  27 1 )  the  occipil 

is  vertical.     There  is  nc 

cipital :  the  superoocipi 

bent  at  a  right  angle  to  join  the  parietals,  7,  which  oblitoa 

On/cteropus,  the  sagittal  suture  by  their  union.       The  mi 

perforatcil  by  a  vein  from  the  lateral  sinus,  and  termuull 

in  an  obtuse  process.      The  tympanic  is  a  separate 
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plate  of  bone.  The  alisphenoids  join  the  parietals.  The  lacrjrmal 
is  large  and  chiefly  antorbital.  The  petrosal  presents  a  wide  and 
shallow  cerebellar  fossa :  the  canal  between  the  petrosal  and  the 
angle  of  the  superoccipital  gives  exit  to  a  vein  and  entry  to  an 
artery.     The  rhinencephalic  almost  equals  the  epencephalic  divi- 
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Dwarf  Annadlllo  {CKlamfphorm  truncatuM).  Lxxxviir. 

sion  of  the  cranial  cavity.  The  frontals  are  large^  but  chiefly 
occupied  by  the  nasal  chamber :  in  the  Chlamyphorus  the  outer 
table  rises  into  a  pair  of  domes,  fig.  272,  a,  augmenting  the  olfac- 
tory cavity.  In  most  Armadillos  there  are  two  sm^  prenasal 
ossicles.  The  premaxillaries  are  small  and  lodge  the  first  tooth 
in  one  or  two  species.  The  zygomatic  arch  is  complete  and 
strong:  the  malar  part,  fig.  271,  27,  curves  down  outside  the 
mandible,  and  there,  in  Glyptodouy  developes  a  long  process  for 
the  service  of  the  masseter. 

The  zygomatic  arch  culminates  in  regard  to  complexity  in  the 
Sloths,  albeit  in  the  small 
existing  species,  fig.  273,  the 
squamosal  element,  27,  fails, 
as  in  the  Anteaters,  to  reach 
the  malar  one,  26,  &i  In  the 
Megatherioids  this  union  is  ef- 
fected, fig.  274,  and  an  unusu- 
ally massive  arch  is  the  result. 
The  malar,  26,  still  sends 
upward  its  temporal  process, 
&,  and  downward  its  mas- 
seteric one,  a.  This  cranial 
developement  relates,  as  in 
the  recent  and  extinct  Kan- 
garoos, to  the  share  of  the  masseter  in  the  business  of  mastication ; 
and  the  molars  are  transversely  ridged  in  Megatherium  as  in 
Diprotodoiu 
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The  facial  iKortof  the  skull  in  the  Sloth  is  as  remarkable  I 
shiirtness  as  in  the  Anteater  for  its  length.  In  the  Ai,  fig 
the  interparietal  coalesces  with  the  supcroccipital,  a,  befoi 
cxoccipitals  unite  with  the  super-  and  basi-occipitals.  The 
Iwne,  26,  is  freely  suspended  by  its  anterior  attachment  t 
maxillary  and  frontal,  and  bifurcates  behind  ;  one  division,  < 
tending  downward,  outside  the  lower  jaw,  the  other,  ft,  ascei 

above  the  free  terminat 
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the  zygomatic  process  c 
squamosal,  S7.  The  pre 
illary  is  single  and  cd 
lous,  being  represented 
by  its  palatal  portion 
pleting  the  maxillary 
but  not  sending  any 
cesses  upward  to  the  n 
Within  the  cranium  th 
no  bony  tentorium:  th 
divisions  of  the  meatu 
ternus  commence  sepai 
upon  the  exterior  of  the  petrosal,  which  is  not  impressed 
cerebellar  fossju  The  depression  receiving  the  natiform  j 
bcranee  of  the  cerebellum  is  formed  chiefly  by  the  squai 
The  walls  of  the  rhinencephalic  fossa  arc  entirely  surrounds 
the  olfactory  chamber,  which  extends  above  into  the  fronts 
beneath  into  the  sphenoidal  sinuses.  A  well-marked  vascular 
men  loads  downward  from  the  partition  between  the  rhinencej 
and  prosencephalic  chambers.  The  rough  exterior  part  c 
j>ctn)sal  fonns,  as  it  were,  the  border  of  a  capsule  to  the  tymf 
the  fossa  for  the  stylohyal  is  well  marked  at  the  back  part  i 
border.  The  pterygcnd  fonns  a  large  quadrate  vertical  plate, 
bony  septum  narium  tciminates  half-way  from  the  large  vc 
external  nostril.  There  is  a  small  imperforate  lacr^^mal :  thi 
orbital  hole  is  wanting.  In  the  Unau  (^Dradypus  didactyh 
lacrynial  is  i»iorced  external  to  the  orbit.  In  the  Megathei 
foramen  is  at  the  orbital  margin,  and  there  is  a  large  ante 
foramen :  the  premaxillarics,  though  eilentulous,  are  niorepm( 
than  in  existing  Sloths,  and  there  is  a  correspontling  proih 
of  the  symi)hysial  part  of  the  lower  jaw,  which  is  grooved  a 
as  in  the  Anteatcrs,  for  the  siipi>ort  during  its  pro-  and  re-ti 
movements  of  a  long  tongue,  prehensile  in  the  JMegathere 
the  (.iirail'o,  in  reference  to  the  smaller  branches  of  the 
yielding  food  to  the  extinct  giant.     Behind  the   symphysi 
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mandible  is  deepened  for  the  long  roots  and  matrices  of  the  ever- 
growing molars.  The  extension  of  the  air-sinuses,  great  in  the 
climbing  Sloths,  was  still  more  so  in  the  colossal  species,  whose 
strength  enabled  them  to  uproot  and  prostrate  the  trees  they 
browsed  on.  The  skull  of  the  Mylodon  robustus  in  the  Hun- 
terian  Museum  shows  two  extensive  fractures  of  the  outer  table, 
one  wholly,  the  other  partially,  healed :  the  latter  extending  to 
near  the  occiput,  but  having  broken  only  into  the  air-chamber, 
not  into  the  cranial  cavity,  the  inner,  proper  or  *  vitreous '  table  of 
which  is  everywhere  divided  by  sinuses  and  sinuous  bony  plates 
from  the  outer  table. 

Notwithstanding  the  extreme  diversity — singular  contrast  in- 
deed in  several  particulars — which  the  skull  presents  in  the  order 
Brutay  the  marks  of  inferiority  of  position  in  the  Mammalian 
scries,  according  to  the  cerebral  character,  are  constant  through- 
out. The  terminal  position  of  the  occipital  condyles  and  the 
aspect  of  the  occipital  surface,  the  degree  in  which  the  parts  of 
the  complex  *  temporal  bone '  of  higher  Mammals  retain  their 
primitive  separation,  the  position  of  veins  conducting  from  the 
cerebral  sinuses,  the  low  facial  angle  and  small  proportional  size 
of  the  cranial  cavity,  the  small  share  in  which  the  squamosal 
contributes  to  its  walls — all  exemplify  the  inferiority  of  the 
present  unguiculate  group  of  animals  to  the  Gyrencephalous 
Ungulates. 

C.  Bones  of  the  Limbs, — In  all  Armadillos  the  clavicles,  fig. 
275,  62',  are  complete.  The  scapula, 
51,  is  broad,  convex  externally,  and 
presents  two  spines,  the  normal  one  of 
which  is  produced  into  an  acromion, 
long  in  all  the  species  and  unusually 
so  in  the  Chlamyphore,  ib.  n  ;  in  most 
it  sends  down  a  process  from  its  base. 
The  coracoid  curves  downward :  there 
IS  a  well-marked  tubercle  behind  the 
neck  of  the  scapula.  The  suprasca- 
pular element  is  represented  by  a  noneaoffore-iimb.ciiiamyphore, 
coarsely  ossified  cartilage  attached  to 
the  base  of  the  scapula,  fig.  260,  5i.  The  humerus  is  remark- 
able for  its  strength  and  for  the  great  developement  of  the  deltoid 
ridges.  It  is  perforated  above  the  inner  condyle,  but  not  be- 
tween the  condyles.  The  ulna,  fig.  276,  55,  is  considerably 
longer  and  stronger  than  the  radius:  the  olecranon,  fig.  275, 
54,  is  remarkably  developed.    In  Dasypus  the  radius,  fig.  276, 
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I  54,  is  but  half  the  length  of  the  ulna:  in  all  Bruta  it  \&  fre 

rotates  on  the  ulna.     The  four  carpal  bones  of  the  prozinu 
I  arc  distinct  from  one  another. 

276 


I 


V  vl 

Bones  \>t  furenu-ni  and  loou'DagnpuB  gigat,    aux. 


The  tfoaphoicl,  ib.  «,  is  the  smallest  of  the  four  bones  < 
proximal  row.  The  pisiform,  /i,  articulates  to  the  cunexfo 
and  ulna,  and  extends,  palmad,  to  the  lunare^  with  which  it 
a  large  articular  cavity,  upon  which  the  palmar  patella  play 
some  the  trapezium,  /,  is  distinct;  in  others  it  is  connate 
the  trapezoides.  The  magnum,  m,  in  most  coalesces  wil 
base  of  the  cubical  metacarpal  of  the  digitus  medius,  ill. 
outer  part  of  the  base  of  that  metacarpal  rests  upon  the 
forme,  w,  which  also  supports  the  small  but  thick  cubical 
caq^us  of  the  annularis,  iv,  and  rudiment  of  the  meta 
of  the  minimus,  v.  The  mcdius  and  annularis  have  eac 
two  phalanges;  the  long  and  slender  index  retains  the  r 
number  of  three  phalanges ;  the  base  of  its  metacarixd  is  w 
between  that  of  the  third,  the  trapezoides,  and  the  trapiezium, 
chief  iK?cnIiarity  is  the  very  large  sesamoid  bone  developed  ; 
flexor  tendons,  and  filling  the  palmar  aspect  of  the  fore-fo 
second  sesamoid  is  attached  by  ligament  to  the  apex  of  the 
palmai:  one.  An  accessory  ossicle,  x^  is  wedged  into  the 
side  of  the  carpus  in  Das,  gigas.  In  Das.  Peba,  fig,  260, 
are  four  digits  on  the  fore-foot,  the  two  middle  much  exec 
in  length  and  strength  the  outer  and  inner  ones :  the  poll 
is  obsolete.  The  femur,  figs.  260,  277,  65,  presents  a  thin 
chanter.  The  proximal  and  distal  extremities  of  the  tibi 
and  fibula,  67,  are  connate :  their  shafts  subsequently  ca 
therewith,  so  that  a  single  epiphysis  answers  to  the  shafts  of 
bones  at  each  of  their  extremities,  in  the  inunature  Armai 
The  naviculare  is  remarkable  for  its  two  inferior  tubero 
the  interspace  between  which  receives  t^*  nnder  part  i 
entocuncifomi  bone.     In  Das.  sex^cir*  "^ds  downw 

process,  like  that  in  some  Rodents.    '  *n  is  leai 
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duced  in  the  Chlamyphore,  fig.  277,  c/,  than  in  the  Nine- 
banded  Armadillo,  fig.  260.  The  hind-foot  is  pentadactyle  in 
all.  The  chief  modification  of  the  limb-lkAies  in  the  extinct 
gigantic  Annadillos  (Glj/ptodojt)  relates  to  the  modification  of 
unguiculate  feet  to  the  support  and  terrestrial  progression  of 
species  too  huge  for  burrowing,  and  as 
heavy   as   the   bulky   Pachyderms.      The  ^'^'^ 

ungual  phalanges  are  accordingly  obtuse, 
short,  broad,  and  thick,  for  being  incased  in 
hoof-like  nails,  and  their  phalanges  are  flat 
bones,  presenting  the  maximum  of  breadth 
in  proportion  to  length.  In  ^e  third  tro- 
chanter and  the  anchylosed  tibia  and  fibula 
the  Dasypodoid  characteristics  are  pre- 
served. 

The  limb-bones  of  the  Orycteropus  more 
resemble  those  of  the  Armadillos  than  of  oSi^;pC,l'*Si^n'. 
the  toothless  Anteaters.  The  acromion 
scapulse  is  less  elongate :  the  entocondyloid  process  of  the  humerus 
is  recurved,  and  widely  perforated.  The  wrist-bones  are  as  in 
Dasypus^  but  the  pisiform  is  long  and  slender.  The-  pollex  is  re- 
duced to  a  stunted  metacarpal  and  phalanx,  and  the  hand  has  but 
four  claws,  of  which  that  of  the  medius  is  largest,  but  less  dis- 
proportionately so  than  in  Das,  gigas.  In  the  hind-limb  the  femur 
shows  the  third  trochanter.  There  is  a  fabella  behind  the  outer 
condyle.  The  tibia  and  fibula  coalesce  at  their  upper  ends,  but 
not  below :  the  hind-foot  is  pentadactyle. 

In  the  Mania,  fig.  153,  the  spine  of  the  scapula  is  single,  is  not 
prolonged  into  an  acromion,  and  there  are  no  clavicles:  the 
coracoid  is  represented  by  a  small  distinct  tubercle,  forming  the 
anterior  extremity  of  the  elliptical  glenoid  cavity  for  the  humerus. 
The  humerus  is  perforated  at  the  internal  condyle.  There  is  an 
articular  sesamoid  developed  on  the  outer  side  of  the  capsule 
uniting  the  radius  with  the  humerus.  The  scaphoid  and  lunare 
coalesce.  The  digitus  medius  is  disproportionately  large,  and  its 
ungual  phalanx  is  deeply  cleft :  that  of  the  index  and  annularis 
show  slightly  the  same  character.  These  phalanges  are  so  arti- 
culated as  to  admit  of  flexion,  but  not  of  extension,  or  retraction, 
beyond  the  line  of  the  supporting  digit.  The  femur  has  no  third 
trochanter.  There  is  a  fabella  behind  the  outer  condyle  of  the 
femur.  The  bones  of  the  leg  retain  their  distinctness:  the 
extremity  of  the  fibula  beyond  the  outer  malleolus  bends  inward, 
and  terminates  in  a  tuberosity  playing  in  a  cavity  upon  the  outer 
side  of  the  astragalus.     There  is  an  accessory  tarsal  ossicle  on  the 
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inDer  ade  of  die  entocuneifomiaiid  ficaphoid.  Hie  ungual  phalanx 
of  die  hmlliix  is  ^mple ;  diose  of  die  diree  middle  toes  are  defi 
at  die  apex. 

In  die  Jtfrmeeapkapaj  fig.  263,  die  sd^mla,  si,  is  Tery  hnd, 
wixh  a  sub-drralar  ccmtoor,  and  is  traTersed  by  two  spines,  tk 
upper  one  pndonged  as  an  ^  acromion '  toward  the  coiacoid,  aad 
suppc^dng  a  smaU  claTicular  bone  {Myrm,  jmbaia)  or  joined  to  i 
comfdete  daTide  ( Jfyrai.  didactyla).  The  hmnerus,  ss,  is  greatlj 
expanded  al  its  distal  end,  especially  by  the  entocondyloid  crat, 
which  is  recurred  and  perforated.  The  mdius,  54,  and  ulna  aie 
of  nearly  equal  length,  the  acromion,  S5,  has  the  lower  angle  pro- 
duced. The  carpus  consists  of  the  usual  eight  bones,  fig.  278, 
viz.  scaphoides  $y  lunare  /,  cundforme  c,  pisiforme  p,  which  k 
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produced  like  a  caq>al  calcaneum.  The  trapezium,  /,  supports  a 
slender  poUex,  i ;  the  trapezoides,  z,  a  longer  and  larger  index,  ii ; 
the  strong,  four-sided,  outwardly-ridged  metacarpal  of  the  medius, 
III,  rests  its  base  upon  the  magnum,  m,  and  unciforme,  u ;  and  is 
wedged  between  that  of  the  index,  ii,  and  annularis,  iv.  The 
minimus,  Y,  which  is  articulated  more  to  the  annularis  than  to  the 
unciforme,  u ,  has  but  two  phalanges,  and  is  clawless.  The  ungual 
phalanges  are  dorsally  grooved,  not  notched.  In  the  Myrmecophaga 
didactyla  the  metacarpal  rudiments  of  the  pollex  and  minimus 
are  hidden  beneath  the  shin :  the  annularis  metacarpal  supports 
a  clawless  phalanx :  the  two  conspicuous  digits  are  the  index  and 
medius,  the  latter  the  largest  The  femur,  fig.  263,65,  has  a  crest 
along  its  outer  margin :  the  tibia  and  fibula,  67,  are  distinct :  the 
foot  is  plantigrade  and  pcntadactyle,  with  a  calcaneum  long  and 
compressed   in   the    great    terrestrial  species,  but  short   in  the 
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scansorial  didactyle  Anteater,  in  which  a  supplementary  bone  on 
the  inner  (tibial)  side  of  the  tarsus  is  produced  backward  to 
increase  the  power  of  the  heel  in  grasping. 

In  the  Ai,  fig.  264,  the  scapula,  5i,  is  broad,  and  its  outer 
surface  is  equally  divided  by  the  spine,  which  is  short,  but  con- 
tinued into  an  acromion  arching  to  join  the  coracoid.  The  supra- 
spinal notch  is  converted  into  a  foramen  by  the  extension  of 
ossification  from  the  superior  costa  to  the  base  of  the  coracoid. 
The  same  characteristics  are  reproduced  in  the  scapula  of  the 
Megathere,  fig.  279,  52,  under  more  massive  proportions  of  these 
growths  for  muscular  attachments,  and  with  the  superaddition  of 
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Megatherium  amtrieanum. 

an  inferior  spine,  as  in  the  Anteater.  The  clavicle  is  complete  in 
the  Megathere,  ib.  58,  as  in  the  Two-toed  Sloth  (  Choloepus)  :  in 
the  Ai  it  exists  as  a  short  appendage  to  the  acromion.  In  the 
small  climbing  Sloths  the  length  of  the  prehensile  fore-limbs  is 
attained  by  that  proportion  of  the  humerus,  fig.  264,  5S,  and 
anti  brachial  bones,  54,  55 :  both  the  latter  are  bent,  leaving  a 
wide  interosseous  space,  and  are  so  articulated  as  to  allow  of 
pronation  and  supination.  In  the  Megathere  the  humerus  is 
relatively  shorter,  but  thicker,  and  is  enormously  expanded  at  its 
distal  end,  fig.  279,  53  :  the  inner  condyle  is  imperforate,  as  in 
Bradypns  tridactylusx  in  the  Megalonyx  it  is  perforated  as  in 
the  Brad.  {Cholwpus)  didactylus.  The  ulna  of  the  Megathere, 
fig.  279,  55,  is  equally  remarkable  for  the   vast  expanse  of  its 
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proximal  end,  including  the  olecranon  which  is  twice  ae  bro 
long,  and  projects  backward  rather  than  upward.  The  pro 
end  (»f  the  radius,  54,  is  circular,  and  its  articular  modifia 
are  as  well  adapted  for  rotatory  and  flexile  movements  o 
antibrachial  bones  as  in  the  human  arm.  The  interosseous 
is  shorter  and  much  narrower  relatively  than  in  the  Sloths, 
these  the  Ai,  fig.  280,  has  the  cari)us  reduced  to  six  bone 
scaphoid  being  connate  with  the  trapezium^  « .  •  • .  f ,  and  the 
num  with  the  trapezoides,  m.     A  rudiment   of  the  metac 

of  the   poUex,  i,  ha 
^^®  alesced  with  that  oi 

index,  ii,  and  a  nidi 
of  the  metacarpus  o 
minimus  with  that  o 
annularis,  x^  iv.  L 
three  functional  digii 
proximal  atid  middle 
langes  arc  confluent, 
the  ungual  ones  a 
great  length,  and  res 
ed  in  their  movemem 
B,,n..offon-fo<>t.  A..  ^^^  production  of  the 

part  of  their  base,  t 
grees  of  flexion.  Thejointsof  all  the  digits  are  deeply  trocl 
The  bones  of  the  hand  of  the  Unau  ( Cholaepus)  arc  desc 
at  p.  306,  fig.  191,  *  Sloth.'  In  the  Megathere  the  wrist  I 
scapho-trapezium,  fig.  191,  sty  but  the  trapcssoid  and  ma< 
arc  distinct.  The  |M)llex  is  represented  by  a  stunted  i 
carpal,  i:  that  of  the  minimus,  figs.  191,  279,  v,  is  long 
supports  one  or  two  short  thick  phalanges :  the  second 
thinl.  III,  and  fourth,  iv,  digits  are  powerfully  ungoici 
but  the  first  and  second  phalanges  coalesce  only  in  the  mc 
1,  2,  III.  The  massive  metacarpal  is  squared,  firmly  attach 
the  contiguous  ones,  with  the  outer  angle  of  the  base  produce 
wedged  between  that  of  the  annularis,  the  magnum,  and  uncifo 
In  the  Sloths  the  femur,  fig.  264,  65,  is  straight,  lilw 
humerus,  but  Is  thicker  and  shorter;  the  head  shows  no  im 
sion  for  a  ligamentum  teres.  The  tibia,  66,  and  fibnla,  67 
oppositely  bent,  leaving  a  wide  interosseous  space^  as  in  the 
arm,  but  are  still  shorter  than  their  homotypes.  The 
malleolus  {)rojects  backward  and  supports  a  grooved  proee— 
lower  end  of  the  fibula  fits,  like  a  pivot,  into  «  aobket  ii 

'  xcr.  p.  53,  pi.  xxi. 
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astragalus.  In  Brad,  tridactf/lus  the  calcaneum  is  remarkably 
long  and  compressed.  The  scaphoid^  cuboid,  and  cuneiform  bones 
have  become  confluent  with  each  other  and  the  metatarsals,  of 
which  the  first,  i,  and  fifth,  u,  exist  only  in  rudiment.  The  other 
three  have  likewise  coalesced  with  the  proximal  phalanges  of  the 
toes  which  they  support.  In  the  Brad,  didactylus  the  ento-  and 
meso-cuneiform  bones,  the  rudimental  metatarsal  of  tlie  hallux, 
and  the  metatarsal  of  the  second  toe  are  confluent  into  one  bone : 
the  rudimental  metatarsal  of  the  fifth  toe  has  not  become  united 
with  that  of  the  fourth  toe.  The  functional  toes  have  long  pre- 
hensile claws  like  those  of  the  fingers ;  by  the  peculiar  ankle- 
joint  the  foot  is  turned  inward,  and  the  advantage  in  grasping  is 
obtained  at  the  cost  of  the  power  of  stepping  on  flat  ground. 

The  Megathere  has  a  pivoted  articulation  of  the  foot  with  the 
leg,  but  the  process  and  the  cavity  are  on  reverse  parts  of  the 
ankle-joint,  and  the  astragalus  sends  a  process  to  fit  a  cavity  in 
the  tibia.  The  result,  in  the  inflection  of  the  hind  foot,  is  nearly 
the  same  :  but  an  enormous  calcaneum,  fig.  279,  c/,  and  metatarsal 
of  the  fifth  toe,  ib.  r,  rest  broadly  on  the  ground.  The  lower 
surface  of  the  astragalus  transmits  the  superincumbent  weight  in 
two  directions ;  backward  upon  the  heel-bone  and  forward  ujjon 
the  metatarse.  By  the  naviculare  it  is  transmitted  through  the 
ectocuneiforme  and  the  produced  angle  of  the  base  of  the  mid- 
metatarsal  to  the  fourth  and  thence  to  the  fifth  metatarsal.  The 
cuboides  receiving  the  weight  from  both  astragalus  and  naviculare 
transmits  it  by  its  produced  fore-part  to  the  base  of  the  fourth 
metatarsal,  and  partly  by  that  medium,  but  chiefly  by  direct 
articulation,  to  the  side  of  the  fifth  metatarsal.  The  tendency  of 
the  cuboides  to  yield  under  this  pressure  and  slip  back  is  resisted 
by  the  abutment  of  the  calcaneum  against  its  back  part.  The 
digitus  medius,  ib.  m,  was  alone  developed  to  sustain  and  wield 
a  claw ;  but  this  was  of  enormous  size,  and  must  have  had  the 
power  of  a  pick  when  worked  by  the  lever  of  the  long  heel-bone. 
The  first  and  second  toes  were  not  present,  nor  was  the  ento- 
cuneiform  bone.  The  two  outer  toes,  iv  and  v,  terminated  in 
tuberous  phalanges,  evidently  imbedded,  in  the  living  animal, 
in  a  hoof-like  thickening  of  the  outer  border  of  the  foot.  The 
outer  side  of  the  fore-foot  presents  a  similar  modification  for  qudsi- 
ungulate  progression  on  the  ground.  Thus  the  Megathere,  My- 
lodon,  and  allied  great  terrestrial  Sloths  seem  to  have  combined 
ungulate  and  unguiculate  characteristics  in  the  same  extremity. 

The  principle  of  viewing  Btructurea  and  instruments,  in  reference 
to  the  work  diat  they  paT  do.  k'lhown  to  be  good  in  gaining  in- 
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sight  into  the  mode  of  life  of  extinct  animals,  in  a  striking  d^^w 
through  its  application  to  the  skeletons  of  the  Megatheiirnds.*  Tbe 
teeth  of  these  conform  so  closely  in  all  characters  with  those  d 
the  Sloths  as  to  suggest  leaves  rather  than  roots  to  have  beei 
their  food.    In  the  light  slender  Sloths  the  modifications  of  8ti«J- 
ture  for  climbing,  clinging,  and  living  altogether  in  trees,  at 
carried  out  to  an  extreme.     In  the  colossal   extinct  kinds  tie 
foliage  was  obtained  in  a  different  way.      The   huge  single  ckw 
on  the  hind  foot  would  be  applicable  as  a  pickaxe  to  clear  awaj 
the  soil  from  between  the  ramifications  of  the  roots:  a  seoood 
claw  would  have  interfered  with  such  work.    The  foot  is  organised 
to  give  great  strength  to  that  claw ;  dislocation   of  its  toe  b 
specially  guarded  against:  the  rest  of  the  tarso-metatarsal  stmctuit 
relates  to  the  power  of  the  foot  to  sustain  superincumbent  pres- 
sure, with  a  position  of  the  claw  bringing  its  side  instead  of  its  point 
in  contact  with  the  ground.     The  bones  of  the  thigh  and  leg  ik 
remarkable  for  their  massive  proportions,  for  their  thickness   and 
especially  their  breadth  in  proportion  to  their  length  :  the  fenmr 
in  both  Mylodon  and  Megatherium  would  rank  rather  with  the 
^flat '  than  the  '  long '  bones.  These  osseous  colunms  were  needed 
to  support  the  huge,  heavy,  expanded  pelvis,  fig.  267.      The  iliac 
expansions  are  the  chief  conditions  of  the  other  characteristics  ii 
this  ])art :  and  they  are  unintelligible  save  in  relation  to  adequate 
extent  of  origin  of  powerful   muscles,  especially   those  arising 
fn^ni  the  crista  ilii,  62,  the  chief  of  which  muscles  concentrate 
their  force  upon  the  fore-limbs.     This  indicates  that  these  limU 
were  put  to  some  unusual  work ;  and  the  inferences  from  the 
tooth  and  the  hind  claw  lead  to  its  recognition  as  the  pulling 
down   trees   and   wrenching  off  their   branches:   but,  for  thee 
oporations,  the   pelvis  must  have   adequate  fixity;  and  to  the 
weight  and  strength  of  itself  and  its  supporting  limbs  there  is 
atWod  a  tail  so  developed  as  to  serve  as  a  third  support  and 
givo  (ho  pelvis  the  basis  of  a  tripod.     Without  this  view  of  the 
Amotion  of  the  hind-parts  of  the  skeleton  we  can  only  see  that 
tho  polvls  is  80  great  and,  with  its  caudal  appendage,  so  weighty 
Hit  to  ixHiuirc  the  massive  proportions  and  structure  of  the  hind- 
limkH;  and,  reoiprocally,  that  these  bespeak  a  proportionate  size 
«^n\i  woight  i)f  tho  parts  to  be  sustained :  but  why  such  develope- 
iMi^nl  of  sustaining  limbs  and  parts  to  be  supported  in  reference 
^^  *ny  otJior  actit>n  and  way  of  life  is  inconceivable.     The  exces 
s^l'  Uvi\o  in  tho  hind-part  of  the  skeleton  once  recognised  as  relating 
^N  llw^  tJxo^l  p*unt  of  attachment  of  muscular  forces  working  the 
tWU^M^viK     to  the   exertion  of  power  adequate  to  prostrate  a 
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tree, — and  the  rest  of  the  bony  organisation  becomes  intelligible. 
That  of  the  hind-foot  has  been  explained :  the  concomitant  extent 
of  muscular  origin  afforded  by  the  broad  scapular  plate  with  its 
many  ridges,  crests,  and  processes,  is  thereby  accounted  for.  The 
necessity  of  the  firmness  imparted  to  the  shoulder  joints  by  the 
perfect  clavicles  abutting  at  one  end  against  a  large  ^  manubrium,' 
at  the  other  end  against  the  conjoined  acromion  and  coracoid,  be- 
comes obvious.  The  fore-foot  retained  three  huge  claws  to  effect 
an  adequate  grasp  of  the  trunk  or  bough :  for  their  due  and  varied 
application  the  fore-arm  enjoys  all  the  variety  and  freedom  of 
movements  which  an  arm  terminated  by  a  hand  possesses.  A 
tree  being  prostrated  and  its  foliage  thus  brought  within  reach, 
every  indication  in  the  skull  of  the  size,  strength,  flexibility,  and 
prehensile  power  of  the  tongue  harmonises  with  the  foregoing 
teleological  conclusions.  The  Megatherioids,  like  the  Giraffe, 
thus  plucked  off  the  foliage  on  which  they  fed.  In  the  ridged 
crowns  of  the  grinders  of  the  Giant  Ground-Sloth  we  discern 
the  power  of  crushing  coarser  parts — a  greater  proportion  of 
twigs  and  stems,  e.g. — of  the  foliage  than  the  diminutive  Tree- 
Sloths  take.  It  needed  only  evidence  of  the  occasional  occurrence 
of  what  might  happen  to  a  beast  in  the  fall  of  a  tree  which  it  had 
uprooted,  to  seal  the  foregoing  physiological  inferences  with  the 
stamp  of  truth :  and  the  skeleton  of  the  Mylodon  in  the  Hun- 
terian  Museum'  shows  that  evidence  above  the  right  orbit,  and 
at  the  back  part  of  the  cranium,  marked/,  fig.  267. 

§  184.  Skeleton  of  Cetacea.  —  This  is  characterised  by  the 
coarseness  and  greasiness  of  the  osseous  texture,  by  the  shortness 
of  the  cervical  and  the  length  of  the  caudal  regions,  by  the  loose 
and  diminutive  pelvic  bones,  by  the  absence  of  pelvic  limbs,  and 
by  the  large  size  of  the  skull,  due  in  most  to  that  of  the  jaws, 
which  in  some  Whales  (BalcenidcBy  fig.  159,  Physeter  macroce^ 
phalus)  is  excessive. 

A.  Vertebral  Column.—  Although  there  is  as  little  outward  sign 
of  a  neck  in  a  whale  as  in  a  fish,  the  same  number  of  cervical 
vertebrae  are  present  as  in  the  giraffe.  The  atlas,  fig.  283,  i,  is  the 
largest,  is  characterised  by  its  huge  and  approximat^rticular  cups, 
c,  for  the  occipital  condyles,  and  by  the  substitution  of  a  hypapo- 
physis  for  the  trae  centrum,  which  coalesces  as  an  odontoid  process 
with  that  of  the  axis  :  both  these  vertebrae  are  antero-posteriorly 
compressed  and  transversely  extended,  and  the  five  succeeding 
cervicals  are  still  shorter  in  proportion  to  their  height  and  breadth : 
they  are,  in  fact,  lamelliibrm,  without  reciprocal  movement,  and 
usually  exhibit  a  greater  or  less  extent  of  confluence,  the  whole 
•  xcir.  p.  63,  no.  377. 
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Dorsal  vertebra.  Whale. 


282 


formmg  one  mass  like  a  *  cervical  sacnim'  in  the  true  ^^^ 
(BalcBHtty  fig.  15990)9  small  Cachalots  {JEuph^setes),^  the  GnrnpiiN* 
thjB  Porpoise :  the  neural  arches  of  the  axis  and  following  cervieik 
are  confluent  in  most.  The  cervicals  thus  give  a  firm  suj^wft  b 
the  large  head  which  has  to  overcome  the  resistance  of  tlw  wiw 

when  the  swift  swimmer  is  deir- 
ing  its  course  through  that  d^ 
ment.  The  characters  defining  tk 
succeeding  vertebrae,  applicaUet^ 
comparisons  of  species    and  n- 
cognition   of  range  of  vamtioiL 
appear  to  be : — the  support  rfftee 
ribs;  the  presence  of  traosTeise 
processes  formed  chiefly  by  cot- 
lesced  pleurapophyses^  fig.  141,rf; 
the  articulation  of  hasmi^phvsff. 
fig.  282,  h,  to  the  centrum,  ib.  c- 
Thus,  in  a  large  British  Dolfdiio 
{Delphinus  tursio\  the  skeleton  of  which  I  prepared  (and  to  tikr 
the  bones  from  the  carcase  is  almost  essential  to  certainty  as  to 
number  of  ribs  and  haemal  arches  j,  ther^ 
are  sixty  vertebrae.    Of  the  seven  cervical 
the  first  two  only  are  anchylosed :  thir- 
teen vertebrae  support  free  ribs  suspoided 
to  terminally  expanded  diapophyses,  ^. 
281,rf ;  then  follow  twenty-nine  with  tnu»- 
versc  processes  only,  as  in  fig.  141,  rf:  tbe 
thirty-third  vertebra  from  the  skull  fint 
supports  a  haemal  arch,  but  in  that  and 
the  two  following  vertebrae  the  piers  or 
'  ha^mapophyses '  are  small  and  ununited  : 
the  complete  arch,  as  in  fig.  282,  A,  is 
continued,   diminishing,  to   the   last  six 
vertebrae,  which  consist  of  the  centrum 
only,   much   depressed.     Thus,  between 
the  thirteenth    dorsal  vertebra   and  the 
first  with    haBma|)ophyses,   there   are   thirteen  which   might  be 
termed  ^  lumbar,'  fig.  159,  D,  cdy  but  hold  the  place  of  lumbar  and 
sacral  in  other  Mammals  (^Megatherium^  e.g.,  fig.  279,  L,  s).     A 
sacrum  is  never  indicated  by  vertebral  confluence  in  Cetacea,  and 
only  obscurely  by  the  position  of  the  pelvic  rudiments,  fig.  159, 
63,  64,  loosely  suspended  below.     In  the  Delpk.  tursio  a  metapo- 
»  xciir.  *  xviir.  p.  520,  fig.  214. 
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physis  begins  to  project  from  the  fore  part  of  the  dlapophysis  of 
the  tliird  dorsal,  increases  in  length  to  the  fourth,  and  is  gradually 
transferred  in  the  sixth  and  seventh  dorsals  to  the  outer  side  of 
the  prozygapophyses  :  in  the  following  vertebras  it  seems  to  take 
their  place,  and  to  occasion  a  reversing  of  the  usual  relative  posi- 
tion of  the  zygapophyses ;  for  whereas  in  the  cervical  and 
anterior  dorsal  vertebras  the  anterior  ones  are  overlapped,  as  in 
other  Mammals,  by  the  posterior  zygapophyses  of  antecedent 
vertebne, — in  the  succeeding  dorsals,  beginning  with  the  seventh, 
the  posterior  zygapophyses  seem  to  be  overlapped  and  con- 
cealed by  the  anterior  ones ;  but  the  appearance  is  due  to  the 
place  of  the  zygapophyses  being  taken  by  the  metapophysesJ 
These  latter  processes,  in  fact,  continue  after  the  articular  surface 
has  ceased  to  be  developed,  and  after  the  entire  disappearance  of 
the  posterior  zygapophyses,  to  project  forward  from  the  thirteenth 
dorsal  to  the  sixth  lumbar  vertebrae  inclusive ;  beyond  which  the 
neural  arch  is  devoid  of  all  exogenous  processes,  save  the  spine,  s, 
until  the  middle  caudal  vertebra,  where  rudiments  of  the  meta- 
pophyses  again  reappear.  There  are  no  anapophyses  in  the 
Cetacea. 

The  four  anterior  ribs  have  a  head  and  neck :  the  rest  are  sus- 
pended by  the  homologue  of  the  tubercle  to  the  end  of  the  trans- 
verse process.  The  costal  cartilages  are  partially  ossified :  the 
first  four  pairs  articulate  with  the  sternum:  the  original  separations 
of  the  parts  of  that  bone  have  disappeared.  The  first  piece  or  manu- 
brium has  an  anterior  median  notch  and  two  broad  lateral  processes. 

In  Delphinus  delphis,  of  the  seven  cervical  vertebrae  the  first 
two  have  become  anchylosed  together :  there  are  sixty-three  otlier 
vertebrae,  of  which  the  first  fifteen  bear  moveable  ribs;  thirty- 
three  vertebrae  have  transverse  processes  without  ribs :  the  forty- 
second  vertebra  from  the  skull  begins  to  support  haemapophyses : 
the  eight  terminal  vertebrae  consist  of  the  centrum  only,  and 
are  much  flattened.  The  metapophysis  begins  abruptly,  as  a 
long  well-marked  process,  from  the  fore  part  of  the  diapophysis 
of  the  fourth  dorsal,  progressively  approximates  and  attains  the 
outside  of  the  prozygapophysis  in  the  eighth  dorsal,  performs  the 
function  of  an  articular  process  as  far  as  the  sixth  lumbar,  clamp- 
ing, as  it  were,  the  sides  of  the  back  part  of  the  base  of  the  spine 
of  the  antecedent  vertebra,  disappears  in  the  next  dozen  lumbar 
vertebrae,  and  reappears  in  the  caudal  vertebrae  at  the  fore  part 
of  the  base  of  the  spine.  The  six  anterior  pairs  of  ribs  support 
haemapophyses  which  unite  directl*  -  ''*  ^hn  stemum. 
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In  the  common  Porpoise  {PhoetBna  communis)  all  the  cervkali 
are  anchylosed,  and  the  head  of  the  first  free  rib  rests  upon  tlieir 
coalesced  bodies :  there  are  fifbynsix  other  vertebrte^  thirteen  of 
which  are  ^  dorsal,'  or  have  moveable  ribs.  The  diapophyses  and 
spines  of  the  lumbo-caudal  vertebrae  incline  forward.  In  tke 
Narwhal  all  the  seven  cervicals  are  free :  the  wielding  of  tlie 
horn-like  tusk  of  the  male  is  the  condition  of  their  greater  fireedon 
of  movement  in  the  neck.  Beyond  the  cervicals  are  fiffy-dx 
vertebrae,  twelve  of  which  have  moveable  ribs,  and  of  these  six  piin 
join  the  sternum.  In  the  Bident  Dolphin,  or  Bottle-nosed  Wfaak 
(Hyperoodon  bidens),  the  cervical  vertebrae  have  coalesced  with  one 
another:  beyond  these  there  are  thirty-eight  free  vertebrae,  of  whid 
only  the  nine  anterior  bear  moveable  ribs:  the  twenty-second 
vertebra  first  bears  haemapophyses  attached  to  the  under  part  of 
the  centrum.  The  five  anterior  pairs  of  ribs  articulate  with  the 
sternum,  which  consists  of  three  bones. 

In  the  Balcena  mysticetusy  fig.  159,  there  are  thirteen  dcHBib; 
as  many  vertebrae  without  ribs  intervene  between  these  and  the 
first  vertebra  with  haemapophyses ;  the  rest  of  the  column,  this 
inclusive,  consists  of  twenty-two  vertebrae,  the  last  dozen  beiii^ 
reduced  to  the  centrum,  which  is  much  depressed,  the  last  two  or 
three  coalesce.  The  seven  cervical,  ib.  c,  are  blended  into  one  bone. 

In  a  young  or  foetal  Whale  (Balcena  australis)^  the  cervictl 
neurapophyses  of  one  side  are  disunited  above  from  those  of  the 
other  side,  as  they  are  from  the  centrum  below:  a  ccxnpreBsed 
diapophysis  is  sent  ofi*  from  the  outer  side  of  each ;  it  is  shortest 
and  thickest  in  the  atlas.  The  third  and  fourth  neurapophyses 
have  coalesced  at  their  upper  part  on  the  left  side,  and  those  of 
the  last  five  vertebrae  have  coalesced  on  the  right  side.  The 
cortical  portion  of  the  centrum  of  the  atlas  is  ossified,  and  forms 
a  wedge-shaped  piece  of  bone,  like  the  corresponding  part  in  the 
Ichthyosaurus.  The  centrums  of  all  the  cervicals  are  connate. 
In  the  adult  true  Whales  (BalcBna),  the  cervicals,  fig.  283,  i-7, 
are  distinguishable  mainly  by  the  intervals  for  the  passage  of  the 
nerves  between  the  neural  arches.  In  BaltBnoptera  rostnUa,  anchy- 
losis does  not  proceed  farther  than  to  unite  the  atlas  with  the 
dentata,  and  the  sixth  with  the  seventh  vertebra*  In  BaL  boops^ 
Bal.  patachonicha,  and  some  other  Fin-whales,  the  atlas  retains  its 
individuality.  The  interval  between  the  lower  (pleurapophysial), 
fig.  283,  p,  and  upper  (diapophysial),  ib.  dy  part  of  the  transverse 
process  is  wide,  often  open,  and  when  circumscribed  usually  leaves 
a  large  foramen.    In  the  seventh  cervical  the  diapophysis^  d,  alone 

»  xuv.  vol.  ii.  p.  440,  no.  2437. 
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is  developed,  as  a  rule,  and  the  head  of  the  first  dorsal  pleurapo- 
physis  abuts  against  its  centrum.    The 
diapophyses  progressively  elongate  in  ^®* 

the  dorsals,  and  support  the  corre- 
spondingly lengthening  ribs.  The 
discoid  terminal  epiphyses  long  retain 
their  individuality  in  Cetacean  verte- 
brjB,  longest  in  Balcena.^ 

The  *  breast-bone '  in  PhyseteridtB 
consists  usually  of  three  stemebers, 
each  ossified  from  a  pair  of  centres 
which  tardily  coalesce,  save  in  the  first 

and  largest.   Four  pairs  of  ribs  directly  Anch>io«od  mus  of  cc7vicai«. 

unite  with  this  sternum,  as  in  Delpkinus  *'"*^  wf  «««««•. 

Tursioy  in  which  the  sternebers  ultimately  coalesce  into  a  single 
bone.  In  Hyperoodon  and  Ziphius  there  are  four  sternebers,  with 
a  vacuity  at  the  middle  of  each  articulation,  and  five  pairs  of  ribs 
articulate  with  the  sternum.  The  sternum  in  Whales  consists  of 
but  one  bone,  to  which  is  usually  connected  a  single  pair  of  ribs. 
The  articular  surfaces  for  these  mark  its  sides :  in  the  more  active 
Balcenoptera  the  bone  is  deeply  notched  in  front,  produced  behind, 
fig.  284,  where  it  is  ridged  below.  The  sternum 
is  short  and  broad,  shield-shaped,  in  Bal<Bna : 
rhomboid,  sometimes  with  a  central  perfora- 
tion, in  Kyphohal(Bna^  Esch.  One  or  two  of 
the  posterior  pleurapophyses  are  loosely  sus- 
pended by  ligament  to  the  diapophyses  of  their 
vertebra  in  many  Delphinida.'^ 

B.  ^Aw«.— The  cranial  neural  arches  con-  8*^">»«'^«'««*»««^ 
tinue  to  manifest  the  peculiar  proportions  which  are  shown  in  an 
exaggerated  degree  in  the  cervical  series.  In  an  advanced  foetal 
Cachalot  {Physeter  macrocephalus)  I  find  the  elements  of  the 
epencephalic  arch  unanchylosed.  The  lateral  margins  of  the 
anterior  half  of  the  basioccipital  are  produced  and  bent  obliquely 
downward.  The  exoccipitals  are  much  produced  and  expanded 
laterally,  like  the  neurapophyses  of  the  atlas  in  fig.  283,  i :  they 
are  deeply  notched  below.  The  superoccipital  contributes  the 
upper  ends  of  both  condyles ;  it  is  in  the  form  of  a  vertical  plate, 
convex  from  side  to  side,  and  developes  internally  a  falciform 
crest.     The  superoccipital  is  overlapped  at  its  lower  aiwl  W^«ral 

*  XLIY.,  YoL  ii.  p.  440.     In  Fin-Whalos  the  anchylotu  if  noltd  fm  ' 
of  no.  2444,  p.  441. 

*  xGYur.  p.  8.    xczx*.,  p.  72,  taf.  4  and  5. 
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angles  by  the  exoccipitals^  anterior  to  which  it  attains  to  th6 
alisphenoids^  and  is  notched  externally  for  the  reception  of  the 
upper  angle  of  the  squamosals.     The  basisphenoid^  a  thick  hexar 
gonal  bone,  concave  from  side  to  side  below,  nearly  flat  above, 
is  anchylosed  to  the  alisphenoids  :   it  is  perforated  or  grooved  by 
the  entocarotids,  but  has  no  clinoid  processes  nor  sella  turcica. 
The  alisphenoids,  perforated  near  the  middle  of  their  base  by 
the  foramina  ovalia  and  rotunda,  have  a  thick  quadrate  plate  on 
their  inner  side,  forming  their  cranial  surface :  they  extend  into  a 
point  anteriorly,  and  articulate  with  both  the  frontal  and  with 
the  parietal  angle  of  the  superoccipital.     The  neural  spine  of 
the  parietal  vertebra  is  a  thin  plate  partly  detached  and  partly 
anchylosed  to  that  of  the  occipital  vertebra:  the  lower  angles 
are   confluent  with   the   diapophyses,   called    'mastoids,'   which 
here,  as  in  other    Cetacea,  are  distinct  from  the  petrosals,  and 
chiefly  support  the  squamosals:    these   enter  a  groove  of  the 
superoccipital    posteriorly,   and    receive    the    alisphenoid    in  a 
groove  anteriorly.     The  presphenoid  and  the  anchylosed  orbito- 
sphenoids   form   the   anterior   wall  of  the  cranial   cavity^   and 
are  perforated  by  the  optic  foramina:   they  articulate  with  the 
frontals,  sending  up  a  small  process  into  the  interspace  at  the 
beginning  of  the  frontal  suture,  which  process  is  impressed  by  a 
blind  fossa  like  a  small  foramen  olfactorium  on  each  of  its  sides: 
the    presphenoid  unites   with  the   basisphenoid :   the   posterior 
and  lateral  parts  of  the  orbitosphenoids  unite  utith  the  alisphe- 
noids:  the  fore  part  of  the  presphenoid  is  imderlapped  by  the 
vomer.     There  is  no  cribriform  plate.     The  frontal  bones  are 
large  triangular  plates,  concave  externally,  with  the  outer  and 
fore  angle  produced  into  a  superorbital  process,  the  channel  on 
the  under  part  of  which  contracts  as  it  approaches  the  cranium 
into  a  long,  deep  and  narrow  groove,  which  lodged  the  muscles  of 
the  eyeball.     The  straight  median  margins  of  the  frontals  are 
thinned  ofi*  and  joined  by  a  squamous  frontal  suture,  the  right 
overlapping  the  left.     The  whole  posterior  and  lateral  border  of 
the  frontal,  as  far  as  the  junction  with  the  squamosal,  presents  a 
broad,  oblique,  sutural  surface,  which  joins,  by  overlapping,  the 
contiguous  border  of  the  superoccipital.     The  smooth  cerebral 
surface  of  the  frontals  is  flat  at  the  middle,  arched  at  the  sides, 
and  not  impressed  by  any  convolutions.      The  vomer  expands 
into  two  aliform  processes  at  its  base,  which  is  applied  against  the 
presphenoid  and  orbitosphenoids  ;  it  then  becomes  subcompressed 
and  smoothly  excavated,  but  much  more  deeply  at  the  left  side, 
where  it  forms  the  inner  and  posterior  boundary  of  the  single 
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nasal  meatus :  it  again  slightly  expands^  and  afterwards  is  con- 
tinued, gradually  decreasing,  to  near  the  anterior  end  of  the  pre- 
maxillaries :  it  is  canaliculate  above,  and  occupied  by  cartilage 
continued  from  the  coalesced  prefrontals.  There  is  no  trace  of 
nasal  bones.  The  bone,  formed  by  the  coalesced  prefrontals, 
penetrates  the  posterior  part  of  the  groove  of  the  vomer,  above 
which  it  expands,  unequally,  into  an  obtuse  prominence  rising 
and  inclining  to  the  left  side :  it  is  grooved  on  both  sides,  and 
forms  the  septum  of  the  vertical  nasal  passage :  it  is  not  com- 
plicated with  turbinal  or  rhinal  capsules,  as  in  the  so-called 
*  ethmoid '  of  other  Mammals.  The  palatine  and  pterygoid  bones 
articulate  with  the  sides  of  the  expanded  base  of  the  vomer :  the 
margins  of  the  canal  excavated  in  the  upper  surface  of  the  rostral 
production  of  the  vomer  are  overlapped  by  the  premaxillaries. 

The  palatal  is  a  small,  triangular  bone,  thickest  anteriorly, 
thin,  produced  and  bent  posteriorly  and  above :  it  commences 
here  by  its  attachment  to  the  anterior  and  outer  angle  of  the 
vomer,  bends  forward,  downward,  and  inward  to  circumscribe  the 
nasal  meatus,  and  receives  in  a  groove  on  its  upper  and  anterior 
border  the  palatine  prominence  of  the  upper  maxillary  bone. 
The  whole  posterior  border  of  the  palatine  fits  into  a  groove  of 
the  contiguous  border  of  the  pterygoid.  The  pterygoid,  which  is 
double  the  size  of  the  palatine,  extends  backward  to  the  basi- 
occipital,  articulating  in  its  progress  by  its  expanded  upper  border 
with  the  pre-,  basi-  and  ali-sphenoids  :  from  this  border  the  bone 
descends,  arching  inward  toward  its  fellow,  which  it  joins  along 
the  anterior  half  of  its  extent :  the  remaining  free  border  is  divided 
from  this  by  a  deep  notch,  and  circumscribes  the  large  posterior 
bony  aperture  of  the  nostril. 

The  maxillary  expands  from  its  palatine  prominence  —  the 
essential  point  of  its  suspension — backward,  outward,  but  chiefly 
forward,  where  it  gradually  diminishes  to  an  obtuse  point.  It 
contracts  a  union  posteriorly  with  the  orbitosphenoid  and  ali- 
sphenoid,  and  very  extensively  with  the  frontal.  The  nasal 
process  of  the  maxillary  is  traversed  by  a  large  vertical  canal. 
The  premaxillaries  are  applied  against  the  whole  inner  surface  of 
the  maxillaries  between  them  and  the  vomer.  The  right  extends 
much  farther  back  than  the  left.  The  capacious  basin  on  the 
upper  surface  of  the  skull,  which  lodges  the  valuable  product 
called  *  spermaceti,'  is  formed  by  the  expanded  and  concave  nasal 
processes  of  the  premaxillaries  and  maxillaries,  which  overlap  the 
frontals :  a  stout  ridge  divides  the  inner  concave  firom  the  outer 
sloping  surface  of  this  part  of  the  maxillary.    The  malar  bone  is 
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a  moderately  long  and  slender  piece,  bent  upon  itself  at  an  acate 
angle.  The  upper  portion,  wedged  between  the  maziUary  and 
frontal,  is  the  thickest :  the  lower  and  more  slender  brandi  is 
bent  downward  and  backward,  circumscribing  the  orbit  antmoiiy 
and  below,  and  continued  by  ligament  or  fibro-cartilage  to  Ae 
short  obtuse  zygomatic  process  of  the  temporaL  There  are  no 
lacrymal  bones.  The  anterior  two-thirds  of  the  middle  and  under 
surface  of  the  maxillary  is  traversed  by  a  vascular  and  dental 
groove :  rudiments  of  teeth  hidden  and  buried  in  the  gum  are 
usually  found  in  this  groove.  The  squamosal  is  a  comparatively 
small,  but  strong  and  thick  triangular  bone:  the  upper  angle 
represents  the  expanded  squamous  part  in  land  Mammals,  and  is 
articulated  by  broad  dentated  sutural  margins  to  the  frontal  and 
exoccipital :  its  anterior  border  is  grooved  for  the  reception  of  the 
alisphenoid :  the  lower  angle  is,  as  it  were,  truncated,  and  presCTts 
a  rough  surface  for  the  attachment  of  the  petrotympanic :  a  short 
obtuse  anterior  angle  bends  forward  as  the  zygomatic  process: 
the  under  surface  presents  a  smooth  shallow  cavity  for  the 
condyle  of  the  lower  jaw ;  the  inner  border  of  the  glenoid  surface 
being  produced  downward  into  a  slender  styliform  process.  The 
tympanic,  here,  as  in  other  Cetacea^  presents  a  peculiar  conchoidil 
shape,  and  is  extremely  dense  in  texture.  An  outer  plate  bends 
over  the  thicker,  seemingly  involuted  part,  like  the  outer  lip  of  the 
univalve  Pyrula.  The  *  Eustachian '  outlet  is  at  the  fore  part;  and, 
besides  this,  may  be  noted,  in  Physeter^  the  *  involute  convexity,' 
with  its  *  outer '  and  *  inner '  lobe,  the  *  overarching  plate,*  and 
the  *  rough  tympanic  process,'  by  which  it  joins  and  coalesces 
with  the  *  petrosal:'  this  is  characterised  by  a  deep  fossa. ^  The 
condyle  of  the  mandible  projects  from  the  posterior  part  of  the 
base  or  ascending  ramus,  which  is  compressed  and  produced  into 
a  low  obtuse  coronoid  process  above,  and  into  a  similar  angle 
below:  a  wide  excavation,  beginning  on  the  inner  side  of  the 
ascending  ramus,  deepens  and  contracts  into  the  dental  canal, 
which  enters  the  substance  of  the  horizontal  ramus:  a  fissure  is 
continued  along  the  inner  side  of  the  ramus  from  this  canal,  and 
is  the  sole  indication  of  a  compound  structure  of  the  jaw.  The 
vessels  and  nerves  emerge  from  several  foramina  at  the  outer  side 
of  the  ramus,  where  it  is  attached  by  its  long  symphysis  to  its 
fellow :  the  upper  border  of  the  symphysial  part  of  the  ramus  is 
excavated  by  a  continuous  dental  canal  or  groove,  now  somewhat 
resembling  that  in  the  upper  jaw.  The  length  of  the  symphysis 
in  the  foetal  Cachalot  is  three-fourths  that  of  the  rest  of  the 

»  xviir.  p.  526,  figs.  220,  225. 
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ramus.  In  the  adult  male  the  disproportionate  growth  of  this 
part  of  the  jaw  leads  to  an  excess  of  length  of  the  symphysial  part 
beyond  the  rest  of  the  ramus.  It  is  coextensive  with  the  dental 
series,  which  consists,  in  each  ramus,  of  twenty-seven  teeth, 
conical  or  ovoid,  according  to  their  state  of  developement  and 
usage :  the  smallest  teeth  are  at  the  two  extremes  of  the  series. 
In  the  young  Cachalot  they  are  conical  and  pointed,  but  become 
obtuse  by  use,  whilst  progressive  growth  expands  and  elongates 
the  base  into  a  fang,  which  then  contracts,  and  is  finally  solidified 
and  terminated  obtusely.  The  teeth  are  separated  by  intervals 
as  broad  as  themselves.  In  respect  to  their  mode  of  implantation 
they  offer  a  condition  intermediate  between  that  of  the  teeth  of 
the  Ichthyosaurus  and  Grampus,  being  lodged  in  a  wide  and 
moderately  deep  groove,  imperfectly  divided  into  sockets,   the 
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septa  of  wliich  reach  only  about  half-way  from  the  bottom  of  the 
groove. 

In  a  foBtal  Southern  Whale  {BalcBna  australis)^  each  frontal  is 
a  transversely  elongated  slender  triangle,  with  its  base  at  the 
frontal  suture,  which  is  a  thick  vertical  symphysis,  and  its  apex 
at  the  superorbital  ridge :  the  inferior  angle  of  the  base  rests  upon 
the  prefrontals  and  upon  the  sides  of  the  expanded  base  of  the 
vomer.  The  frontals  take  a  very  small  share  in  the  formation  of 
the  cerebral  cavity.  Their  cranial  surface  forms  a  small  concavity 
at  the  back  part  of  the  base :  a  half-canal  is  continued  forward 
from  the  lower  angle  of  this  surface  into  the  nasal  cavity.  Almost 
the  whole  of  the  upper  and  outer  surface  of  the  frontals  is  over- 
lapped by  the  parietals  and  occipitals,  leaving  a  very  narrow  ex- 
posed transverse  strip  across  the  upper  part  of  the  skull.  The 
anterior  border  of  each  frontal  is  joined  mesially  with  the  nasal. 
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next  with  the  upper  end  of  the  premaxillaiy,  and  for  the  rest  n 
its  extent  with  the  maxillary  bone>  which  is  continued  onward  i 
form  the  antorbital  process. 

In  the  mature  Mysticete  Whale,  of  which  a  side  view  of  tl? 
skull  (now  in  the  British  Museum)  is  given  in  fig.  285,  the  maxL^ 
laries,  21,  are  disposed  each   like  an   expanded   arch  along  tiie 
outside  of  the  coextended  premaxillaries,  22 ;  their  inferior  snifaft 
has  two  facets  separated  by  a  longitudinal  ridge,  to  the  side  (f 
which  the  plates  of  baleen  are  attached.      The  premaxillanes  ap 
compressed  and  diverge  from  each  other  posteriorly  to  form  tk 
long  oval  outlet  of  the  nostrils,  completed  behind  by  the  nasak, 
which  are  elongate,  as  in  the  Zeuglodon  cetotdes :  the  frontaU,*, 
extend  outward  to  form  the  roof,  ii,  of  the  small  orbit,  o;  and  there- 
with  is  coextended  the  back  part  of  the  maxillary,  21':  a  small  Ba- 
sse l^y  %•  1^^>  S6,  is   articulated 
to  the  lacrymal,  73,  the  mixi]- 
lary,  21,  and  the  squamosal,  i:: 
the  most  expanded  partof  whkk. 
fig.  285,  27^  forms  the  articoli- 
tion  for   the    mandible,  39-^1 
The  superoccipital,  3,  mcline 
forward,  as  it  rises,  and  fons 
almost  the  ivhole  upper  part  d 
the  cranium.    The  coalesced  pr^ 
frontals  are  i>erforated  by  theiv 
factory  nerves.  The  prespheno.! 
is  sheathed  in  the  hind  part  J 
the  canaliculate  vomer,  i3,wlii(i 
extends  far  forward  along  the 
middle  of  the  roof  of  the  moutk 
Each  mandibular  ramus  arches 
outward  and  forward  from  the 
slightly-raised  condyle,  29,  to  the 
short,    ligamentous    symphv^, 
32 :  it  is  compressed  and  subtrenchant  at  both  upper  and  lowe 
margins  :  a  coronoid  ridge  is  feebly  marked ;  there  is  no  ascend- 
ing  ramus.     The  skull  of  the  whale  is  more  symmetrical  than 
that  of  toothed  Cetacea. 

In  the  section  of  Delphinidce  to  which  the  Grrampuses  and 
Porpoises  belong  (Phoccena,  Cuv.),  the  facial  bears  a  less  pity- 
portion  to  the  cranial  part  of  the  skull :  the  latter  is  broad,  ele- 
vated, and  convex  posteriorly.  The  superoccipital,  fig.  286,  s, 
forms  the  transverse  crest  dividing  the  hinder  from   the  uppff 
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surface,  where  it  is  met  by  the  frontals,  ii,  the  overlapped  parie- 
tals  coming  into  view  only  at  the  sides,  where  they  expand  into 
the  mastoids,  a.  The  maxillaries,  as  they  extend  backward,  rise 
and  expand,  21,  covering  so  much  of  the  frontals,  11,  as  to  allow 
but  a  narrow  strip  of  these  bones  to  be  seen,  except  where  they 
dilate  to  form  the  roof  of  the  orbit.  The  nasals,  15,  are  oblong 
tubercles  set  deeply  in  depressions  of  the  frontal,  at  the  back  part 
of  the  nostrils,  e,  e.  The  premaxillaries,  22,  form  the  front  and 
sides  of  these  apertures,  save  at  the  small  ix)rti(m  contribute<l 
by  the  maxillarics  at  g.  The  nasal  passages  descend  almost 
vertically.  The  malar  is  flattened  where  it  helps  to  form  the 
orbit,  and  is  covered  by  the  maxillary :  it  sends  backward  a  long 
and  slender  process,  which  articulates  with  the  zygomatic  process 
of  the  squamosal,  and  fonns  the  only  lower  boundary  of  the  orbit. 
The  bony  palate  has  a  deep  longitudinal  channel  on  each  side  in 
some  Dolpliins. 

In  the  vertical  section  of  the  cranium  of  the  Porpoise,  fig.  287, 
is  shown  the  plane  of  the  occipital  foramen,  2,  inclined  from  below 
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forward :  the  proportions  of  the  inner  wall  of  the  cranial  cavity 
contributed  by  the  ex-  2,  and  super-  3,  occipitals,  by  the  alisphe- 
noid,  6,  the  parietal,  7,  the  orbitosphenoid,  10,  and  the  frontal,  11 : 
the  small  vacuity  between  the  alisphenoid  and  exoccipital  is 
blocked  up  by  the  loosely  attached  petrosal.  The  right  nasal 
passage  is  exposed,  showing  the  proportion  of  the  septum  formed 
by  the  vomer,  13,  and  the  coalesced  prefrontals,  u :  the  vomer 
extends  forward  to  the  middle  of  the  upper  jaw,  which  is  chiefly 
composed  of  maxillary,  21,  and  premaxillary,  22.  The  small  pala- 
tines, 20,  articulate  with  the  vomer  and  maxillary,  and  send  back- 
ward the  larger  pterygoids,  24,  which  form  with  the  vomer  the 
internal  or  lower  nostril,  whilst  the  canal  for  the  long  conical 
larynx  is  contributed  by  the  pterygoids,  24,  and  a  corresponding 
descending  plate  of  the  basisphenoid,  6,  and  buioooipital,  !•  The 
squamosal  is  excluded,  as  in  Birds  and  Imn^  ^,  from 

the  cranial  cavity.     The  prefrontals  in  Am- 
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apterus)  are  large^  and  ascend  into  view  at  the  back  pari  of  the 
nostrils,  where  they  coalesce  with  the  frontak.  The  amftll  nasal 
bones  are  wedged  into  an  interspace  between  them  and  the  fiontak 
at  the  summit  of  the  nasal  apertures. 

In  Hyperoodon  the  skull  is  remarkable  for  the  developCTnent  of 
the  outer  border  of  each  maxillary  bone  into  a  broad  and  lofty 
vertical  crest,  and  for  the  backward  prolongation  of  the  posterior 
border  of  the  same  bones  to  the  occipital  region,  where  it  is  de- 
veloped into  what  seems  to  be  an  occipital  crest.  In  JPUUanista, 
the  corresponding  borders  of  the  maxillary,  after  rising  to  the 
vertex,  are  reflected  forward,  converging,  so  as  to  overarch  like  t 
domed  roof  the  circumnarial  part  of  the  skull.  In  Euphysftes 
this  concave  space  is  divided  behind  the  nostrils  by  a  vertical 
ridge.  Euphysetes  simus  ^  shows  the  opposite  extreme  to  BaUtna 
and  Physeter^  in  the  disproportionate  shortness  of  the  rostral  or 
*  prenarial '  to  the  cranial  or  *  postnarial '  part  of  the  skulL  In 
ParaziphitLs  the  vomer  is  singularly  tumid  and  dense. 

The  hyoid  arch  consists,  in  BalcmidtBy  of  a  pair  of  stylohyak, 
fig.  288,  38,   ligamentously   connected  with  the   mastoids,  and 

similarly  attached  by  fibrous  re- 
288  presentatives  of  ceratohyals,  89, 

y^P^    >^^^S.  ^  ^'^  P*"^  ^^  processes  at  the 

^.^^^  U  j_^  sS^^S^i  fore  part  of  the   basihyal,   4i. 

^^^^     y  41  ^^k.  ^^^S3     This  large,  broad  bone  is  pro- 

_^_^^^i^^  ^^1^^^     duced  outwardly  into  a  pair  of 

i^^^^^^vv^'^^^^^B     compressed  bars,  thicker  than  the 

Hyoidwch,  ua^ow^ptera.  stylohyals,  and  representing  the 

thyrohyals. 
C.  Bones  of  Limbs.— The  clavicle  is  absent.  The  scapula  is  a 
flat  triangular  plate,  with  one  angle  truncate  to  form  the  glenmd 
cavity  for  the  humerus,  and  without  the  *  spine '  along  the 
outer  surface.  In  BalcBna,  figs.  159,  289,  5i,  the  triangle  is 
almost  equilateral,  with  the  side  forming  the  base  rather  convex, 
and  the  part  supporting  the  truncate  angle,  i,  somewhat  produced, 
forming  a  *  neck.'  The  acromion,  a,  projects  forward  from  the 
outer  part  of  the  neck  near  the  anterior  border.  In  Balanopiera 
the  base  is  proportionally  longer  than  the  other  two  sides,  and 
forms  a  more  convex  border:  in  BaL  longimanay  Rud.,  the 
acromion  is  obsolete,  and  the  coracoid  is  merely  an  obtuse  pro- 
duction of  the  fore  part  of  the  glenoid  cavity.  In  the  Cachalot 
{Physeter)y  the  convex  base  is  the  shorter  side  of  the  triangle,  the 
vertical  exceeding  the  antero-posterior  diameter  of  the  scapula: 
the  acromion  is  longer  and  larger  than  in  Balanida,  and  there  is 
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a  long  and  slender  coracoid.  In  Euphysetes  the  triangle  is  more 
equilateral,  as  it  is  in  Ziphius  and  Hyperoodon.  In  Delphinida 
the  convex  base  of  the  scapula  is  usually  the  longest  of  the  three 
sides :  the  extension  of  the  bone  in  the  axis  of  the  trunk  is  re- 
markable in  the  Gangetic  Dolphin 
(Platanistd)y  in  which  the  acromion 
projects  mid-way  between  the  an- 
terior basal  angle  and  the  glenoid 
cavity. 

The  humerus,  figs.  159,  289,  53, 
290,  a,  is  remarkably  short  in  pro- 
portion to  its  thickness:  the  head 
is  large,  hemispherical;  bent  very 
slightly  out  of  the  axis  of  the  bone ; 
with  the  outer  or  radial  tuberosity 
feebly  marked  in  most,  rather  more 
strongly  in  the  Cachalots,  and  form- 
ing a  deltoid  tuberosity :  the  shaft 
becomes  compressed  and  expanded 
toward  the  distal  end,  which  has 
two  ill-defined,  flattened  surfaces 
for  syndesmotic  junction  with  the 
radius  and  ulna.  The  latter,  ib.  55, 
usually  sends  backward  an  olecra- 
non ;  but  this  is  not  developed  in 
Platanista,  where  the  ulna  is  broader 
and  longer  than  the  radius :  usually 
the  radius  is  the  larger  bone,  as  in 
fig.  289,  54:  both  bones  are  flat- 
tened, shorter  than  the  humerus  in 
Cachalots  and  Platanists,  longer  in 
Whale-bone  Whales,  Bottle-nose 
Whales  {Hyperoodon  Ziphius)^ 
Grampuses,  Porpoises,  Dolphins. 
The  contiguous  epiphyses  of  the  hu- 
merus and  antibrachials  first  unite 
with  their  respective  shafts :  in  an 
old  Cachalot  and  Delphinus  Tursio,^  the  radius  and  ulna  are 
anchylosed  with  the  humerus,  fig.  290,  a.  In  a  Southern  Whale 
the  carpus,  fig.  289,  56,  consists  of  seven  ossicles:  the  first  on  the 
radial  side  answers  to  the  scaphoid  and  trapezium :  the  second, 
in  D.  TurslOy  is  wedged  into  a  distal  cleft  between  the  radius  and 
ulna,  and  corresponds  with  the  lunare  in  the  Chelonian  carpus  and 
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that  of  the  Orang :  the  third  is  very  small^  and  represents  the 
cuneiforme :  the  pisiforme  is  separated  from  it  by  the  junction  of 
the  unciforme  with  the  ulna :  the  unciforme  supports  the  rudiment 
of  the  fifth  digit  and  part  of  that  of  the  fourth:  the  magnum 
supports  part  of  the  fourth  finger  and  a  great  part  of  the  third: 
the  trapezoides  is  moved  to  the  interspace  between  the  third  and 
second  digits^  but  principally  supports  the  latter.  The  metacarpal 
of  the  first  digit,  in  D.  Tursio,  fig.  290,  I,  supports  one  sniall 
phalanx :  the  larger  metacarpal  of  the  second  digit,  ii,  supports 
seven  phalanges  :  that  of  the  third,  iii,  supports  five  phalanges; 
the  metacarpal  of  the  fourth,  iy,  two  phalanges :  the  fifth,  y, 
is  represented  only  by  a  rudimental  metacarpal  bone. 

In  the  Grampuses,  Porpoises,  and  other  Delpkinidce,  the  second 
and  third  digits  are  also  the  longest,  with  the  excessive  number 
of  phalanges.  The  fifth  metacarpal  articulates  nearer  to  the  anti- 
brachium  than  the  others  do.  In  both  the  Porpoise  and  Grampus, 
e.  g.,  it  is  attached  to  the  ulnar  border  of  the  carpus,  is  broader 
than  long,  and  supports  one  or  two  stumpy  phalanges:  the 
first  metacarpal  is  short  and  slender,  but  its  base  is  on  the 
distal  border  of  the  carpus.  In  the  Hyperoodon  there  are  three 
carpals  in  the  proximal  row,  and  a  second  row  of  four  small 
ossicles  in  the  fibro-cartilaginous  matrix.  The  metacarpal  of  the 
pollex  supports  one  phalanx :  those  of  the  second  and  third  digits 
have  each  five  phalanges :  the  fourth  me- 
2^0  tacarpal  has  three ;  the  fifth,  which  is  the 

shortest  of  all,  has  two  phalanges.  In  theCo- 
chalots  and  ZiphiuSy  the  fourth  digit  more 
nearly  equals  the  third  in  length :  in  Bahma 
mysticetusy  fig.  159,  iY,it  rather  exceeds  the 
second,  ib.  ii,  and,  like  it,  the  metacarpal 
supports  three  phalanges  ;  the  third  meta- 
carpal, ib.  Ill,  having  four  phalanges,  and 
the  fifth,  Y,  two :  the  first  digit  is  the 
shortest,  and  consists  of  metacarpal  only. 
In  Platanista  the  first  metacarpal  has  two 
phalanges,  the  other  four  each  support  four 
phalanges,  the  fingers  being  of  nearly  equal 
length,  and  more  divergent  than  usual, 
supporting  a  fin  correspondingly  expanded 

nones  of  pectoral  nn,  XV/p»»nii«.       ^       .7      /.  ,  .  ,  °  •'  * 

to  its  tree  truncate  end. 
In  some  Piked  Whales  {Dalcenoptera)  the  first  digit  is  obsolete, 
the  third  and  fourth  much  longer  than  the  second  and  fifth.      In 
BaL  longimana  {Kyphobalcena,  Esch.),  the  third  and  fourth  each 
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support  a  metacarpal  and  six  phalanges.  All  the  digits  in  the 
entire  Cetacean  are  enveloped  in  a  common  fold  of  integument. 
The  increase  of  the  phalanges  of  certain  digits  beyond  the  number 
three  is  a  remarkable  instance  of  departure  from  the  mammalian 
type  and  of  aflSnity  with  the  extinct  enaliosaurs  and  fishes. 

In  the  DelphinidcB  there  are  a  pair  of  pelvic  bones  larger  in 
males  than  females,  chiefly  subserving  the  origins  of  the  *  erectores 
penis'  and  *clitoridis';  and  which,  therefore,  I  regard  as  ischial 
bones.  In  a  female  Hyperoodon  28  feet  long,  each  ischium 
was  4^  inches  long,  straight,  subtriedal,  8  lines  in  diameter.  In 
Balana  mj/sticetus  there  is,  besides  the  ischium,  fig.  192,  63,  a 
smaller,  more  slender  and  curved  ossicle,  which,  being  anterior 
to  it,  seems  to  represent  a  pubis,  ib.  64 :  the  junction  of  the  two 
bones  expands  into  a  surface,  representing  the  acetabulum,  to 
which  is  ligamentously  suspended  a  bone  of  similar  length  to  the 
pubis,  but  thicker,  and  expanding,  with  some  flattening,  to  a 
transversely  extended  convex  surface,  like  that  at  the  distal  end 
of  a  chelonian  femur ;  ib.  65 :  to  which  is  suspended  a  smaller 
rudiment  of  a  tibia,  66.  This  is  the  simplest  condition  of  the 
limb,  or  appendage,  of  the  pelvic  arch  known  in  the  Mammalian 
class.  ^  There  is  no  outward  indication  of  it  in  the  Whale.  The 
little  bones,  of  the  relative  size  to  the  rest  of  the  skeleton  as 
shown  in  fig.  159,  p.  280,  are  suspended  beneath  the  last  two 
lumbar  vertebrse,  which  may  thus  be  regarded  as  answering  to 
the  sacral  in  quadrupeds. 

§  185.  Skeleton  of  Sirenia. — In  this  class  of  marine  Mammals 
the  hind  limbs  are  absent,  as  in  Cetaceuy  and  the  pelvic  bones, 
where  best  developed,  as  in  fig.  292,  *,  A,  retain  the  size  and 
shape  of  the  small  contiguous  costal  arches.  The  texture  of 
the  bones  is  denser,  the  neck,  though  short,  is  longer  than  in 
the  Cetaceay  and  the  vertebrae  are  distinct:  but  the  chief  dif- 
ferences are  found  in  the  relative  size  and  structure  of  the  skull, 
and  in  the  better  developement  of  the  bones  of  the  pectoral  limb, 
the  digits  of  which  are  not  composed  of  more  than  the  normal 
mammalian  nimiber  of  phalanges  (compare  fig.  292  with  fig.  159, 
p.  280).  The  known  existing  representatives  of  the  Sirenian 
order  are  the  Dugongs  {Halicore)  and  the  Manatees  {Manatus) : 
the  latest  extinct  form  is  the  edentulous  Sirenian,  called  *  Steller's 

'  The  bones  described  and  figured  in  cll  t.  y.  p.  236,  pL  xxvi.,  figs.  24  and 
25,  were  not  seen  in  situ  hj  Cuvier,  bnt  are  described  as  pelvic  bones,  on  the  au- 
thoritj  of  M.  Delalande,  the  Articulator.  The  discoverers  of  the  rudimental  hind 
limbs,  and  authors  of  lxy',  observed  the  pelvic  bonea  of  the  whale  in  aitu  (p.  151, 
tab.  u.). 
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Sea-cow'  {Rhytina  borealisy  111.)^  last  observed  in  the  arctic  seas 
off  the  shores  of  Bering's  Island:  the  miocene  extinct  genus 
(^Halitherium)  has  left  its  remains  in  southern  Europe. 

A.  Vertebral  Column. — In  the  Dugong,  fig.  292,  there  are 
7  cervical,  0,  19  dorsal,  D,  and  about  26  lumbo-caudal  vertebne, 
L,  8,  CD.  To  the  29th  vertebra,  counting  from  the  skull,  the 
pelvic  arch  is  suspended,  characterising  it  as  a  sacral  one,  8,  and 
leaving  two  lumbars  in  advance,  the  transverse  processee  of  wiudi 
long  retain  the  suture  indicative  of  their  pleurapophysial  part 
The  second  vertebra,  beyond  the  sacral,  first  supports  a  hfemal 
arch,  and  this  is  continued  to  the  fourteenth  and  fifteenth  of  tke 
caudal  series,  which,  if  counted  from  the  sacrum,  would  indnde 
about  twenty-four  vertebrae.  Fig.  291  gives  the  characters  of 
the  transitional  vertebrae  between  the  trunk  and  tail,  especially 
as  afforded  by  modifications  of  the  haemal  arch.  In  the  posterior 
dorsal  vertebrae,  the  pleurapophysis,  />/,  is  the  sole  ossified 
element  of  the  haemal   arch;    it  progressively  shortens   in  the 
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16th,  1,  17th,  2,  and  18th,  3,  vertebne,  retaining  its  mobility; 
and,  in  the  19th,  A,  it  shortens  suddenly,  but  usually  with  more 
extended  ossification  in  the  sclerous  basis  of  the  rib  than  is  shown 
in  the  figure.  In  the  vertebrae,  B  and  c,  the  pleurapophyns, 
besides  being  short,  becomes  confluent  with  the  centrum,  as  a 
*  transverse  process,'  and  characterises  them  as  *  lumbar.'  The 
sclerous  or  tendinous  continuations  of  the  pleurapophyses  into  the 
abdominal  muscles  are  indicated  by  dotted  lines.  In  the  vcr^ 
tebra  D,  the  ossification  which  extends  the  plcurai)ophysis,  pi,  7, 
beyond  the  part,  ^,  representing  the  transverse  process,  retains 
a  ligamentous  union  therewith,  and  represents  the  *  ilium:'  a 
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lower  ossification  in  the  hsemal 
arch  establishes  a  bony  ^  hsema- 
pophysis,'  A,  and  represents  the 
'  ischium.'  It  is  ligamentously 
connected  at  its  lower  end  to 
its  fellow,  completing  by  such 
*  symphysis  ischii '  the  pelvic 
haemal  arch.  In  the  vertebra, 
E,  the  proximal  part  only  of  the 
pleurapophysis  is  ossified,  as  in 
the  lumbar  series ;  and  this  is 
the  case  with  the  succeeding 
vertebrae  :  but  the  centnuns  ex- 
hibit, at  their  under  surface,  arti- 
culations for  parts  answering  to 
the  lower  portion.  A,  of  the  haemal 
arch  of  the  vertebra  D.  The 
parts  in  question,  9,  lo,  ii.  A,  are 
severally  united  together  by  their 
lower  or  distal  ends,  at  first  liga- 
mentously, but  afterwards  by  co- 
ossification,  constituting  inverted 
bony  arches  of  the  chevron  shape, 
and  which  are  serially  homolo- 
gous with  the  bony  haemapophy- 
ses.  A,  of  the  pelvis,  and  the 
sclerous  or  cartilaginous  haem- 
apophyses  of  the  trunk  :  they  are 
dislocated  from  their  pleurapo- 
physes  and  approximated  to  their 
centrums,  with  a  slight  horizontal 
displacement  leading  to  their 
partial  articulation  with  that  of 
the  vertebra  succeeding  their 
own  (see  fig.  188,  p.  299).  These 
haemapophyses,  fig.  292,  A,  Crf, 
ate  not  developed  in  the  terminal 
vertebrae,  the  last  six  of  which 
are  represented  by  horizontally 
flattened  centrums,  o,  sustaining, 
as  in  Cetaceuy  a  horizontal  tail-fin. 
The  ribs  of  the  dorsal  verte- 
brae, fig.  292,   p/,  are  massive, 
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peculiarly  so  in  the  Manatees  :  the  first  in  the  Dugong  has  a  long 
oblique  process  from  the  under  part  of  the  neck,  and  a  shorter 
process,  terminated  by  a  rough  surface,  from  the  inner  border, 
two  inches  from  the  lower  end  of  the  rib.  The  first  three  or  four 
pairs  of  ribs  join,  by  cartilaginous  hsemapophyses,  the  sternum, 
which  consists  of  two  bones  and  a  xiphoid  cartilage:  the  two 
stemebers  coalesce  into  a  single  bone,  of  the  borders  of  which  the 
costal  articulation  occupy  the  middle  third.  From  the  third  to 
the  sixteenth  dorsal,  the  ribs  are  of  nearly  equal  length.  Many 
of  the  succeeding  ribs  have  a  process  from  the  posterior  margin, 
simulating  the  costal  appendages  in  Birds.  The  metapophyses  are 
not  developed  so  as  to  supersede  the  prozygapophyses,  as  in 
Cetacea,  The  neural  spines  are  of  equal  length  and  similar  in- 
clination slightly  backward.  In  the  Dugong,  fig.  292  c,  the  atlas 
has  short  par-  and  di-  apophyses,  and  the  neural  arch  is  per- 
forated on  each  side  near  its  anterior  border:  in  the  axis  the 
transverse  processes  are  chiefly  by  diapophyses.  In  the  fourth 
cervical,  the  right  process  was  pierced  by  the  vertebral  artery ;  in 
the  seventh,  the  left  process :  the  other  diapophyses  were  notdbed. 
The  centrum  of  the  seventh  cervical  has  a  facet  on  each  side 
for  the  first  pair  of  dorsal  ribs.  The  side  of  the  centmm 
of  the  first  dorsal  vertebra  bears  two  articular  facets;  one 
of  which  is  smaller  than  the  other,  looks  forward,  and  receives 
a  part  of  the  head  of  that  rib  which  articulates  with  the  pre- 
ceding vertebra ;  the  other  looks  backward,  and  receives  a  large 
share  of  the  head  of  the  second  dorsal  rib.  The  transverse 
processes  are  long  and  strong,  and  present  on  their  extremity 
an  articular  facet  which  receives  the  tubercle  of  the  first  free  or 
dorsal  rib. 

In  Manatus  Americanus  the  cervicals  are  also  very  short,  but 
only  four  of  these  compressed  vertebrae  intervene  between  the 
axis  and  the  first  dorsal :  seventeen  vertebrae  support  the  move- 
able ribs,  and  are  followed  by  about  twenty-two  lumbo-caudal 
vertebrae :  the  haemal  arch  commencing  at  the  lower  interspace 
between  the  fourth  and  fifth  of  their  series.  The  pelvic  bones 
are  reduced,  as  in  most  Cetacea^  to  an  ischium  giving  origin  to  an 
*  ischio-cavemosal,'  and  insertion  to  an  *  ischio-coccygeal '  muscle. 
In  a  half-grown  Manatee  I  have  seen  the  neurapophyses  of  the 
first  twenty-nine  vertebrae  still  suturally  joined  to  their  centrmn. 
But  two  pairs  of  ribs  join  the  sternum,  which  soon  becomes  a 
single  bone,  with  a  costal  process  on  each  side  of  the  middle 
part. 

The  vertebral  characters  oi  Rhytina  agree  in  the  main  with  those 
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of  existing  Sirenia.^  Steller  assigns  to  it  six  cervicals,  as  in 
Manafus,  Nine  pairs  of  ribs  are  said  to  have  joined  the  sternum. 
B.  Skull — The  facial  or  rostral  part  of  the  skull,  anterior  to 
the  orbits,  is  short,  especially  so  in  Manatus,  fig.  239,  in  which  it 
slightly  descends:  in  Halickore.&gs.  292,  294,  22,  it  is  bent  down 
more  abruptly:  in  Rhytina  the  angle  of  the  upper  contour  of  the 
rostrum  is  greater  than  in  ManatuSy  that  of  the  lower  contour  less 
than  in  Halickore,  exemplifying,  as  in  other  parts  of  the  skeleton, 
an  intermediate  character.  All  the  skull-bones  are  massive  in 
SireniUf  and,  save  in  the  in- 
stances  of  anchylosis,  are 
somewhat  loosely  connected 
together.  In  the  Dugong  the 
basioccipital,  fig.  294,  l,  is  a 
triradiate  bone,  the  two  short 
rays  diverging  posteriorly  to 
join  the  exoccipitals,  and 
forming  the  lower  end  of  each 
condyle.  The  exoccipitals,  2, 
almost  meet  above  the  fora- 
men magnum:  they  have  a 
short  rough  paroccipital  pro- 
cess. The  superoccipital,  3, 
is  early  anchylosed  to  the 
parietals,  which  have  equally 
coalesced  into  a  single  sub- 
quadrate   massive  bone,  fig. 

293,  7,  ^dth   the  sides  bent 
down  at  nearly  a  right  angle 
with  the    almost   flat   upper 
part,  which  is  perforated  by  a  *  foramen  parietale.'     A  falciform 
ridge  descends  from  the  inner  surface.     The  basisphenoid,  fig. 

294,  5,  has  coalesced  with  the  alisphenoids,  which  are  grooved 
both  behind  and  before,  not  perforated,  by  the  trigeminal  nerve. 
The  massive  pterygoids  are  anchylosed  to  the  base  of  the  ali- 
sphenoids :  the  i>osterior  ends  of  the  palatines,  which  are  wedged 
into  the  interspace  between  the  ento-  and  ecto-  pterygoid  pro- 
cesses, send  upward  a  part  which  appears  in  the  temporal 
fossa  behind  the  maxillary.  The  presphenoid,  as  a  compressed 
'  rostrum,'  is  wedged  between  the  lamina;  of  the  vomer,  and  has 
coalesced  with  the  confluent  orbitosphcnoids  which  it  supports. 
There  is  no  '  sella  turcica.'     The  orbitosphcnoids  are  perforated 

'  xciT.  p.  95. 
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by  widely  separated  optic  foramina:  they  are  anchylosed  with 
the  coalesced  prefrontals,  fig.  294,  14.  The  cribriform  plates  are 
lodged  in  deep  fossse,  between  which  is  a  crista  gallL  The  fron- 
tals,  1 1 ,  are  not  confluent ;  their  orbital  processes  extend  far  forward 
and  outward  from  the  anterior  angles :  they  are  excavated  below 
almost  to  the  posterior  margin  by  the  rhinal  cavity  :  the  median 

angles  of  the  nasal   border  are 
29*  slightly  produced,   but  there  is 

no  trace  of  a  suture  there  mark- 
ing out  the  proper  nasals.  The 
cranial  plate  of  the  frontal  forms 
a  small  concave  surface,  not  ex- 
ceeding the  depth  and  thickness 
of  the  posterior  part  of  the  bone 
to  which  it  is  confined.  A  small 
part  marked  ofi*  by  a  fissure  from 
the  fore  end  of  the  orbital  pro- 
sLuiiofDugoog,n-.r*<^).  <^88  represents  an   imperforate 

lacrymal,  fig.  292,/. 
The  maxillary,  fig.  294, 21,  is  deflected  anteriorly ;  its  nasal  and 
malar  processes  do  not  meet  and  circumscribe  the  great  antorbital 
foramen,  but  this  is  closed  by  the  upper  end  of  the  malar  bone,  te. 
The  premaxillary,  22,  is  remarkable  for  its  very  large  and  long 
deflected  alveolar  portion,  and  for  its  slender  nasal  portion, 
fig.  293,  c:  it  is  excavated  by  the  deep  alveolus  of  the  incisive 
tusk,  I.  The  squamo-mastoid  forms  no  part  of  the  inner  surface 
of  the  cerebral  cavity,  but  is  deeply  and  smoothly  excavated  for 
the  lodgement  of  the  dense  petro-tympanic.  The  mastoid  part 
forms  a  thick  rugged  process,  8,  wedged  between  the  tympanic, », 
and  paroccipital,  4.  The  zygomatic  parts  of  both  squamosal,  27', 
and  malar,  26,  form  a  strong  arch.  The  petrotympanic  fits  closely 
the  cavity  in  the  squamo-mastoid,  and  partially  closes  the  vacuity 
between  it,  the  occipital  and  sphenoid  bones ;  the  tympanic,  28, 
describes  two-thirds  of  a  circle  for  the  support  of  the  ear-drum, 
and  is  less  than  the  dense  otic  capsule  wiUi  which  it  is  confluent 
at  both  ends.  The  stapes  is  an  elongate,  subcompressed  pyramid, 
with  a  minute  perforation  near  the  base,  and  an  epiphysis  at  the 
apex :  the  incus  is  also  long  and  narrow ;  the  malleus  broad  and 
bilobate. 

The  mandible,  figs.  292,  294,  32,  is  deep  in  proportion  to  its 
length :  the  coronoid  rises  with  a  slight  backward  curve :  the 
condyle  is  small  and  convex  :  the  ascending  ramus  has  a  convex 
hind  border,  curving  to  an  advanced  feebly-marked  angle:   be- 
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tween  this  and  the  deflected  symphysial  part  the  lower  border  is 
deeply  concave :  the  sockets  for  the  molar  teeth,  originally  five 
or  six  iu  number,  like  those  in  the  maxillary,  are  reduced  to  two 
or  to  one  in  the  old  animal :  the  deflected  symphysis  forms  a  flat 
oval  surface  anteriorly,  with  four  or  five  pairs  of  small  alveoli,  in 
one  or  more  of  which  may  be  an  abortive  incisor,  fig.  160,  a,  li  i  3, 
covered  by  the  thick  homy  plate  attached  to  the  flat  rough  sur- 
face; the  dental  canal,  beginning  in  advance  of  the  ascending 
ramus,  ends  by  a  wide  oblique  opening  from  which  channels 
diverge  on  the  outside  of  the  deflected  symphysis. 

In  the  Manatee,  a  large  otocrane  is  also  smoothly  excavated  in 
the  mastoid,  squamosal,  and  exoccipital  bones,  to  which  the 
petrosal  closely  fits  without  coalescence,  its  posterior  surface  ap- 
pearing in  the  space  left  between  the  mast<)id,  super-  and  exoc- 
cipitals.  The  basi-sphenoid  coalesces  with  the  alisphenoids,  prior 
to  confluence  with  the  basioccipital  and  presphenoid :  the  latter 
similarly  coalesces  with  the  orbitosphenoids,  and  is  continued, 
like  a  rostrum,  into  the  vomerine  fissure.  I  find  no  distinct  nasals 
anterior  to  the  frontal  suture  in  the  new-bom  Manatee;  nor 
other  representatives  of  them  than  the  small  amygdaloid  bones, 
fig.  239,  13,  13,  articulated  to  the  frontals  at  the  posterior  angles 
of  the  nasal  aperture:  this  is  large,  subrhomboid,  horizontal. 
The  wide  antorbital  foramen  is  entirely  surrounded  by  the  maxil- 
lary, ib.  26.  The  suborbital  plate  of  the  malar  rests  upon  the 
platform  extending  horizontally  outward  from  above  the  anterior 
molars,  and  extends  the  floor  of  the  orbit  an  inch  beyond  the 
roof,  the  eyeball  resting  u))on  the  concavity  of  the  malar,  as  on  a 
shelf.  The  zygoma,  ib.  27,  is  unusually  massive.  The  premaxil- 
laries,  ib.  2>,  in  the  young  Manatee,  show  a  pair  of  alveoli  for 
abortive  incisors :  a  similar  pair  impresses  the  fore  part  of  the 
mandibular  symphysis,  and  a  slight  groove  extends  downward 
from  each.  The  symphysis  is  deeply  hollowed  out  behind.  The 
coronoid  is  produced  obliquely  upward  and  forward:  the  angle  of 
the  jaw  is  not  marked* 

The  ossified  parts  of  the  hyoid  arch  are  the  basihyal,  fig.  294, 4 1^ 
stylohyals,  3h,  and  the  thyrohyale,  43  :  the  ceratohyal,  40,  is  carti- 
laginous :  the  arch  is  suspended  to  the  angles  between  the  mastoid 
and  paroccipital. 

C.  Bones  of  the  Limbs. — These  are  limited  to  the  pectoral  pair, 
and  their  supporting  arch  is  reduced  to  the  scapula,  with  a  short 
coracoid  as  a  tuberous  process.     The  scapula,  fig.  292,  61,  f 
longate,  recurved,  with  the  convex  anterior  costa  eonfiii 
the  base,  with  an  angle  feebly  marked  in  the  Manail 
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in  tlie  fifth  and  sixth,  after  which  they  gradually  shorten  trt 
thirteenth,  and  continue  of  the  same  length  to  the  last  Imk 
The  metapophysis,  commencing  as  a  tuberosity  aboTc  the  m- 
physis,  passes  gradually  from  that  part  to  the  outer  side  of  :f 
prozygapophysis,  which  it  finally  attains  in  the  seventeenth  dm 
vertebra,  and  continues  in  the  same  place  throughout  the  link 
series.  There  are  no  anapo))hyse8.  The  lumbar  diapophpesc 
long,  broad,  and  in  close  juxtaposition  ;  the  last  presents  to  r- 
cular  concavity  adapted  to  a  corresponding  convexity  onthefe 
part  of  the  (liapo[)hysi3  of  the  first  sacral. 

The  cervical  vertebrae,  though  shorter  than  in  Mac/^dmk 
are  longer  than  in  other  Perissodactyles,  and  rise  with  an  mil 
support  the  head :  the  joints  of  the  centrums  are  opisthoosEa 
In  the  third  cervical  the  pleurapophysis  is  developed  belwi 
nrtmal  canal,  and  extends  forward,  outw^ard,  and  downir. 
The  neural  spine,  m,  has  subsided  to  a  low  rough  ridge.  H 
hypapophysial  ridge  and  tubercle,  o,  are  well  marked,  as  are  l- 
the  anterior  convexity  and  posterior  concavity  of  the  ceDtm 
The  inner  surface  of  each  neurapophysis  is  pierced  by  i  sk 
canal  in  the  same  place  and  direction  as  that  which  transimtei 
vertebral  artery  in  Macrauchenia ;  but  the  artery  travezfes  i 
base  of  the  transverse  process  in  the  Horse,  as  in  most  ode 
mammals.  In  the  axis  the  neural  spine.  A,  is  a  strong  bntU 
rugged  ridge,  which  bifurcates  posteriorly,  and  subsides  uposQ 
zygapophyses.  The  diai)0[)hyses  are  short  and  triangular,  r: 
their  bases  perforated  by  the  vertebral  artery.  A  strong  li^ 
cm  the  under  part  of  the  centrum  leads  to  the  hypapophysk,  i. 
The  posterior  articular  surface  of  the  centrum  is  deeply  ei» 
vated.  In  the  atlas,  c,  the  anterior  articular  cavities  do  notiK 
below  :  the  diapophysial  ridges,  «,  bend  down,  forming  large  c» 
cavities:  the  vertebral  artery  t\vice  pierces  their  base,  wlurl^ 
also  traversed  by  a  canal  leading  to  the  neural  canal,  anterior 
which  the  neural  arch  is  perforated  on  each  side.  The  hypip- 
physis  developes  a  strong  tubercle. 

In  the  skeleton  of  a  Quagga  (Eguus  Quagga)  I  have  obeerret 
19  dorsal,  6  lumbar,  5  sacral,  and  18  caudal  vertebrjc;  in  thai^ 
a  Zebra  {Equus  Zebra),  18  dorsal,  6  lumbar,  5  sacral,  and  11 
caudals;  whilst  in  the  skeleton  of  an  Ass  {JEguus  Asinus\^ 
were  18  dorsal,  5  lumbar,  5  sacral,  and  17  caudal  vertebne.  lk« 
sixth  lumbar,  fig.  299,/,  becomes  the  first  sacral  by  coalescence 

B.  SkulL —  Some  common  characters  of  this  part  of  the  skdew 
in  Perissodactyles  are  given  at  pp.  283,  284.  In  the  Malayv 
Tapir  {Tapirus  indicns),  the  paroccipitals  are  coi 
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slightly  incurved :  they  are  strengthened  by  a  long  post-tympanic 
process,  developed  from  the  squamosal  and  articulated  to  the  fore 
part  of  the  base  of  the  paroccipital,  so  as  to  circumscribe  a  space 
occupied  by  the  true  mastoid  which  is  confluent  with  the  petrosal. 
One  or  two  vacuities  are  left  in  this  space  for  the  exit  of  veins. 
The  post-glenoid  process  is  much  developed.  The  base  of  the 
pterygoid  process  is  perforated  lengthwise  by  the  ectocarotid ;  the 
apex  is  slightly  recurved,  and  unites  wiUi  the  palatine  by  a 
squamous  suture.  The  en- 
topterygoids  are  thin,  small,  ^^^ 

curved  lamellad  applied  to 
the  inner  side  of  the  base 
of  the  pterygoid  processes, 
and  uniting  with  each  other 
below,  and  clear  of,  the  pre- 
sphenoid.  The  major  part 
of  the  palatine  enters  into 

the  formation  of  the  large  ^^  ^  ^„„,^  ^,^ 

oblique  hmder  aperture  of 

the  nasal  passages :  the  smaller  anterior  division  completes  the  bony 
palate  which  terminates  behind  between  the  first  and  second  true 
molar.  The  lacrymal  canal  commences  by  two  distinct  orifices. 
The  bases  of  the  nasal  bones  are  deeply  grooved,  and  articulate  with 
the  frontals  parallel  with  the  back  part  of  the  orbit.  There  is  no 
superorbital  foramen  or  canaL  The  premaxillaries  terminate 
behind  at  a  considerable  distance  from  the  elevated  nasals.  In 
the  American  Tapir  (Tapirus  Americanu8)y  fig.  301,  the  super- 
occipital  is  narrower  and  more  deeply  excavated  than  in  the 
Malayan  Tapir:  a.  smaller  proportion  of  the  petromastoid  is 
visible  between  the  exoccipital  and  squamosal,  ^:  the  frontals,  ii, 
are  less  expanded  and  less  elevated  above  the  nasals,  15.  The 
petromastoids  fit,  but  not  closely,  the  vacuities  on  each  side  the 
basioccipital.  In  the  cranial  cavity  the  rhinencephalic  fossa  is 
well  defined. 

In  the  (Sumatran)  Bhinoceros,  a  smaller  proportion  of  the 
palatine  bones  enters  into  the  formation  of  the  bony  palate  than 
in  the  Tapir;  they  chiefly  form  the  sides  of  the  hinder  nasal 
aperture,  the  anterior  boundary  of  which  is  opposite  the  first  true 
molars.  The  pterygoid  processes  are  perforated  at  their  base, 
lengthwise,  by  the  ectocarotid  arteries.  The  nasofrontal  suture 
is  in  advance  of  the  orbits.  The  postglenoid  process  is  long, 
Bubtrihedal,  and  obtuse:  the  post-tympanic  process  takes  the 
place  of  the  mastoid  and  is   here  a  strong  quadrate   process 
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applied  to  the  base  of  the  paroccipitaL  The  orbits  are  very 
obscurely  marked  off  from  the  temporal  fossae:  there  is  no 
postorbital  process.  The  lacrymal  canal  commences  by  two 
apertures  defended  by  a  rough  protuberance  of  the  lacrymal 
bone.  There  is  a  well-developed  pit  for  the  origin  of  the  in- 
ferior oblique.  The  premaxillaries  are  small  and  do  not  join 
the  nasals.  The  air-sinuses  extend  from  the  frontals  to  the 
superoccipital  ridge. 

In  the  Indian  Rhinoceros  {Rhinoceros  Indicus,  fig.  302),  the 
bones,  3,  7,  ii,  15,  forming  the  expanded  neural  spines  of  the 
302  cranial    vertebras,     are    so 

curved,  that  the  summit  of 
the  superoccipital,  s,  and 
the  centre  of  the  nasals,  15, 
form  the  two  pillars  from 
which  are  suspended  the 
parietals,  7,  and  frontals,  ii, 
forming  an  inverted  arch. 
The  highest  part  of  the 
nasals  shows  the  rough  flat- 
tened surface  for  the  attach- 
ment   of  the  horn :    from 

SIcuU  of  Indian  Rhinoceros.  t  •    i  ^       .lI. 

which  part  they  curve 
downward,  ending  pointedly.  The  premaxillaries,  22,  are  small, 
support  a  pair  of  incisors,  articulate  with  each  other  and  the 
maxillaries,  and  terminate  remotely  from  the  nasals.  In  the 
African  two-homed  Rhinoceroses,  the  premaxillaries  are  almost 
obsolete,  and  usually  edentulous  in  the  adult. 

In  certain  extinct  Rhinoceroses  the  septum  narium  was  partially 
{Rh.  leptorhinus)  *  or  wholly  {Rh.  tichorrhinus)  ossified.  The  arti- 
culation between  the  basi-  and  pre-sphenoids  long  remains.  There 
is  no  interparietal.  The  entopterygoid  swells  into  a  tuberosity, 
and  overlaps  the  palato-pterygoid  suture. 

In  the  HyrcLx  the  elements  of  the  occipital  bone  are  late  in 
coalescing.  I  have  seen  an  interparietal  wedged  into  the  back 
part  of  the  sagittal  suture,  and  also  the  upper  half  of  the  super- 
occipital detached  from  the  rest.  The  ascending  process  of 
the  malar  articulates  with  the  postorbital  process  which  is 
formed  by  both  the  parietal  and  frontal  bones.  The  tympanic, 
which  forms  the  bulla  ossea  at  the  basis  cranii,  has  not  coalesced 
with  the  petrosal.     The  hinder  halves  of  the  palatines  enter  into 

>  xvnr.  p.  356,  figs.  131,  138. 


SKELETON  OF  PERISSODACTYLA. 


451 


the  formation  of  the  palato-nares.  The  lacrymal  canal  commences 
by  one  or  two  foramina^  defended  by  a  process.  The  maxillary 
forms  the  floor  of  the  orbit,  as  in  the  Rhinoceros  and  Tapir ;  but 
the  premaxillaries  join  the  nasals.  The  lower  jaw,  7,  is  remark- 
able for  the  backward  expanse  of  the  ascending  ramus.  The 
coronoid  process  is  perforated  lengthwise  at  its  base. 

If  the  equine  skull,  fig.  303,  be  compared  with  that  of  the 
Khinoceros,  the  basioccipital  will  be  seen  to  be  narrower  and 
more  convex.  The  mastoid,  s,  intervenes,  as  a  tuberous  process, 
between  the  posMympanic  and  paroccipital  processes,  clearly 
indicating  the  true  nature  of  the  post>-tympanic  in  the  Rhino- 
ceros ;  the  Tapir  shows  an  intermediate  condition  of  the  mastoid 
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between  the  Rhinoceros  and  Horse.  The  latter  differs  from  both 
the  Tapir  and  Rhinoceros  in  the  outward  production  of  the  roof 
of  the  orbit  and  the  completion  of  the  bony  frame  of  that  cavity 
beliind  by  the  junction  of  the  postorbital  process,  i,  2,  c,  with  the 
zygoma,  r :  Equus  resembles  Macrauchenia  in  this  particular. 
The  temporal  fossa,  7,  is  small  in  proportion  to  the  length  of  the 
skull :  the  base  of  the  postorbital  process  is  perforated  by  a 
superorbital  foramen,  b :  the  lacrymal  canal  begins  by  a  single 
foramen.  The  premaxillaries,  22,  extend  to  the  nasals,  15,  and  shut 
out  the  maxillaries,  21,  from  the  anterior  aperture  of  the  nostrils. 
The  chief  marks  of  affinity  to  other  Perissodactyles  are  seen  in 
the  shape,  size,  and  formation  of  the  posterior  aperture  of  the 
nostrils,  the  major  part  of  which  is  bounded  by  the  palatine  bones, 
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of  which  only  a  small  portion  enters  into  the  formation  of  the 
bony  palate,  which  terminates  behind  opposite  the  interspace 
between  the  penultimate  and  last  molars,  A  narrow  groove 
divides  the  palato-pterygoid  process  fipom  the  socket  of  the  last 
molar,  as  in  the  Tapir  and  Rhinoceros.  The  pterygoid  process 
has  but  little   antero-posterior   extent:    its   base    is    perforated 

by   the   ectocarotid.      The 


304 


en- 


topterygoids     are     thin     plates 
applied  like  splints  over  the  in- 
ner side  of  the  squamous  suture 
between  the  pterygoid  processes 
of  the  palatines  and  alisphenoids. 
The  postglenoid  process  is  less 
developed  than   in    the    Tapir. 
The  Eustachian  process  of  the 
petro-tympanic     is      long     and 
styliform.     There   is    an   ante- 
rior condyloid  foramen,    and  a 
wide '  fissura  lacera.'    The  broad 
and  convex  bases  of  the  nasak, 
fig.  304,  8, 8,  articulate  with  the 
frontals,  /,   a  little  behind  the 
anterior  boundary  of  the  orbit^, 
The  space  between  the  incisc)re 
and  molars  is  of  greater  extent 
than  in  the  Tapir,  fig.  301 :  i 
long  diastema  is  not,  however, 
peculiar    to    the    Horse,    and, 
although  it  allows  the   applica- 
tion of  the  bit,  that  application 
depends  rather  upon  the  general 
nature  of  the   Horse,    and  its 
consequent  susceptibility  to  be 
broken  in,  than  upon  a  particu- 
lar structure  which  it  possesses 
in    common   with    many    other 
Herbivora.     The  air-cells  do  not  extend  farther  back  than  the 
fore  part  of  the  frontals  above  the  cranial  cavity,  and  of  the 
basisphenoid  beneath.     Ossification  extends  into  the  base  of  the 
tentorium  and  its  continuation  into  the  falx.    The  upper  boundary 
of  the  rhinenccj)halic  fossa  is  much  developed. 

There  is  a  foramen,  fig.  303,  9,  in  the  premaxillary  suture. 
The  zygoma,  fig.  303,  r,  is  chiefly  formed  by  the  squamosal,  t. 
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The  malar  extends  upon  the  face,  beneath  the  lacrymal,  in 
advance  of  the  orbit.  The  ascending  ramus  of  the  mandible  has 
a  convex  hind  border  curving  from  the  condyle,  20,  to  beneath 
the  last  alveolus,  where  it  ends  by  a  slight  projection  below^the 
inferior  border  of  the  horizontal  ramus.  The  coronoid  process, 
19,  is  long,  narrow,  and  recurved. 
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The  stylohyals,  fig.  305,  st  A,  long  and  rib-like,  articulate  by  a 
rounded  *  head '  to  the  petromastoid ;  expanding  beyond  this, 
to  form  a  sort  of  *  tubercle,'  and  continued,  slightly  contracting,  to 
the  short  epihyal,  tf,  /?,  A ;  by  means  of  which  they  articulate 
with  the  ceratohyals,  c,  h ;  which  unite  with  the  basihyal,  i.  A, 
where  this  is  joined  to  the  thyrohyals.  A,  A.  The  basihyal 
supports  a  glossohyal,  ^,  A.  The  homology  of  the  thyrohyals 
with  the  ceratobranchials  in  Fishes  and  Batrachia  is  illustrated 
by  the  figures  b,  A  A,  introduced  (reversed)  in  the  same  cut. 
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C.  Bones  of  the  Limbs. — These  are  chiefly  modified  in  their 
proportions  with  reference  to  degree  of  swiftness  of  course  in  the 
different  species  :  which  have  diverged,  in  this  respect,  from  the 
old  tertiary  type  as  exemplified  by  the  Palaeothere,  in  two  di- 
rections, the  extremes  of  which  are  now  shown  in  the  Rhinoceros, 
fig.  165,  and  the  Horse,  fig.  300.  The  segments  farthest  from 
the  trunk  are  the  seats  of  chief  variety,  and  here  the  elongation 
and  attenuation  of  the  bone  is  attended  with  suppression  of  certain 
of  the  digits. 

The  scapula  is  long  in  proportion  to  its  breadth,  and  most  so  in 
the  Horse,  fig.  300,  5i :  the  anterior  angle  is  largely  rounded  off: 
the  spine  developes  no  acromion,  but  gradually  subsides  as  it  ap- 
proaches the  neck  of  the  scapula :  it  is  situated  nearer  the  hind 
border  in  the  Tapir  (fig.  299,  si),  nearer  the  fit>nt  border  in  the 
Horse,  with  concomitant  differences  in  the  areas  of  the  supra-  and 
infra-spinal  fossas  :  in  the  Rhinoceros  it  equally  bisects  the  blade- 
bone,  and  is  most  prominent  at  its  upper  third.  The  coracoid  is 
a  mere  tuberosity  in  all.  The  front  border  or  *costa,'  in  the 
Tapir,  has  a  wide  and  deep  notch.  Macrauchenia  differs  most 
from  other  Perissodactyles  in  the  continuation  of  the  spine^  with- 
out loss  of  height,  to  the  neck  of  the  scapula,  above  which  it  forms 
a  slightly  produced  angle  and  is  perforated. 

In  the  Rhinoceros,  fig.  165,  the  humerus  is  remarkable  for  tie 
strength  of  the  tuberosities  and  deltoid  ridge,  and  for  the  smooth 
basal  surfaces  between  the  tuberosities  and  on  the  outside  of  the 
external  one.     The  medullary  artery  enters  the  back  part  of  the 
bone,  and  proceeds  obliquely  forward  and  downward.      In  the 
radius,  tKe  surface  for  the  ulna  extends  along  the  back  part  of 
the  ridge  bounding  that  for  the  humerus.     The  two  antibrachial 
bones  interlock  at  their  distal  ends  by  reciprocally  adapted  cavi- 
ties and  tuberosities.     The  usual  eight  bones  are  present  in  the 
carpus  :  but  the  trapezium  does  not  support  a  digit,  and  the  unci- 
forme  is  small  and  has  only  the  digit  answering  to  the  fourth : 
this,  with  the  medius  and  index,  being  alone  developed  in  the 
Rhinoceros.     The  ilia  are  massive,  short,  and  less  expanded  than 
in  the  Elephant,  subvertical  in  position,  concave  anteriorly,  and 
also  behind  in  the  transverse  direction.     The  terminal  angle  of 
the  rough  thick  crest  is  bifurcate.      The  ischia  are  relatively 
longer  than  in  the  Elephant,  with  thick  outwardly-bent  tuberosi- 
ties.     The  ischio-pubic  symphysis  is  prominent.      The  lumbo- 
iliac  angle  is  125°. 

The  head  of  the  femur  is  impressed  by  a  deep  semicircular  pit 
at  its  margin.     The  third  trochanter^  fig.  165,  65,  is  a  remarkable 
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feature,  from  its  great  size  and  forward  curvature.  Ossification 
sometimes  extends  from  the  great  trochanter  to  the  third  tro- 
chanter. The  rotular  surface  is  distinct  from  those  on  the  con- 
dyles. The  inner  wall  of  the  trochlear  surface  for  the  patella  is 
thicker,  more  prominent,  and  is  prolonged  farther  up  the  shaft  of 
the  femur  than  the  outer  wall  is  ;  the  condyles  are  nearly  of  the 
same  length.  The  medullary  canal  commences  at  the  back  part 
in  the  upper  half  of  the  shaft,  and  inclines  forward  and  down- 
ward. The  bones  of  the  hind-foot  are  explained  at  p.  309, 
fig.  193. 

In  the  Tapir,  the  intercondyloid  part  of  the  humerus,  fig.  299, 
5S,  is  perforated,  as  it  is  likewise  in  the  Hyrax.  I  have  found 
the  radius,  54,  and  ulna,  55,  partially  anchylosed  at  their  distal 
ends  in  the  Malayan  Tapir,  and  have  observed  their  distal 
epiphyses  to  coalesce  with  each  other  before  uniting  with  their 
respective  shafts.  The  carpus  resembles  that  in  Rhinoceros ;  but 
the  uncifonne  is  rather  larger,  and  supports  the  metacarpal  of  a 
fifth,  as  well  as  of  a  fourth  digit.  The  first  or  trapezial  digit  is 
absent,  and  the  one  articulated  to  the  magnum,  answering  to  the 
tliird,  is  the  largest  and  of  symmetrical  shape,  the  whole  fore-foot 
])lainly  showing  the  perissodactyle  type,  though  with  four  toes. 
The  little  Hyrax  and  an  extinct  hornless  Rhinoceros  {Acero^ 
therium)  have  a  similar  unsymmetrically  tetradactyle  fore-foot. 
That  of  the  Macrauchenia  was  tridactyle.  The  expanded  part 
of  the  ilium  of  the  Tapir,  ib.  62,  is  an  oblong  quadrate  plate  with 
the  upper  and  hinder  angle  articulating  with  the  sacrum.  The 
canal  for  the  medullary  artery  of  the  femur,  which  begins  near 
the  small  trochanter,  extends  downward  to  a  small  medullary 
cavity  at  the  middle  of  the  shaft,  65 ;  which  is  longer  than  that  of 
the  tibia,  66.  The  bones  of  the  hind-foot  closely  resemble  those 
of  the  Rhinoceros,  forming  the  same  number  of  toes :  the  heel- 
bone,  rf,  is  more  prominent. 

In  fig.  190,  *  bones  of  the  fore-limb  of  the  Horse,'  the  supra- 
scapular cartilage  is  ossified  and  confluent  with  the  base  of  the 
scapula,  g:  o\&  the  infraspinal  fossa, p  the  supraspinal  fossa,  i  the 
prominent  and  thickened  part  of  the  spine,  h  the  neck,  m  the  an- 
terior border  or  *  costa,'  /  the  posterior  *  costa ; '  the  line  from  n  to 
n  marks  the  base  of  the  scapula  supporting  the  suprascapula ;  k  is 
the  coracoid  protuberance.  In  the  humerus,  a  is  the  shaft  of  the 
bone,  h  the  lower  part  of  the  deltoid  ridge  where  the  *  teres 
major '  is  inserted,  e  is  the  great  tuberosity  which  is  grooved  by 
the  tendon  of  the  biceps, /is  the  *  neck.'  The  proximal  epiphysis 
of  the  young  bone  forms  both  the  head  and  the  tuberosity.     At 
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the  distal  end,  K  marks  the  trochlear  surface  for  the  radios,  the 
fore  part  of  which  bone,  Oj  passes  into  the  depression  I,  when 
fully  flexed  :  k  is  the  inner  condyle,  i  the  outer  condyle ;  m  the 
posterior  fossa  for  the  olecranon,  when  the  antibraduum  is  ex- 
tended. The  ulna,  represented  by  its  olecranon,  s,  and  upper 
part  of  the  shaft,  u,  coalesces  by  the  latter,  in  aged  Horses,  with 
the  radius :  it  presents  a  small  articular  surface,  t,  for  the  hu- 
merus. The  radius  and  ulna  coalesce  in  Macrauchenia.  The 
equine  carpus  includes,  in  the  proximal  row,  the  scaphoid  ir, 
lunare  x,  cuneiforme  y,  and  pisiforme  r,  which  latter  is  large  and 
prominent.  The  os  magnum,  2,  in  the  second  series  of  carpal  bones 
is  remarkable  for  its  great  breadth,  corresponding  to  the  enor- 
mous developement  of  the  metacarpal  bone  of  the  middle  toe,  4,  5, 
which  forms  the  chief  part  of  the  foot.  Splint-shaped  rudiments 
of  the  metacarpals,  answering  to  the  second  and  fourth,  6,  of  the 
pentadactyle  foot,  are  articulated  respectLvely  to  the  trapezoides 
and  the  reduced  homologue  of  the  unciforme,  s.  The  miocene 
Hipparion  retained  stunted  hoofs  supported  by  the  second  and 
fourth  digits  of  the  fore-foot,  as  in  the  hind-foot,  fig.  194  :  but  all 
modern  and  existing  representatives  of  the  genus  Equus  have  the 
digital  developement  concentrated  on  the  medius :  of  which,  in 
fig.  190,  12-13  shows  the  proximal  phalanx,  called  in  Hippo- 
tomy  the  *  great  pastern  ';  14-15,  the  middle  phalanx,  called  the 
^  small  pastern';  16,  the  ungual  phalanx,  called  the  'coffin- 
bone  ' :  11  and  17  are  ^  sesamoids,'  the  latter  being  called  the  '  nut- 
bone.' 

The  ilium  of  the  Horse,  fig.  300,  62,  is  longer  and  less  ex- 
panded superiorly  than  in  the  Tapir ;  but  it  articulates  by  the 
corresponding  part  to  the  sacrum,  which  renders  it  hammer- 
shaped.  The  femur  is  characterized  by  the  partial  division  of  the 
great  trochanter,  and,  as  in  other  Perissodactyles,  has  the  third 
trochanter.  The  medullary  artery  enters  the  middle  of  the  shaft 
at  its  postero-intcrnal  side,  and  inclines  slightly  upward.  In  fig. 
195,  a  is  the  shaft,  b  the  *  neck,'  c  the  head ;  d  rf,  the  great  tro- 
chanter, of  which  the  upper  division  is  called  *  the  spoke ;  'y  is  the 
*  third  trochanter,'  g  marks  the  place  of  a  deep  fossa  giving  origin 
to  the  gastrocnemius  extemus,  h  is  the  outer  condyle.  In  the  tibia, 
«-fr  is  the  protuberance  and  ridge  for  the  rotular  ligament,  v  the 
articular  head  of  the  bone,  u  the  outer  concavity.  The  distal  end 
is  excavated  by  a  deep  oblique  double  trochlear  cavity  for  the 
astragalus,  5.  The  fibula  is  represented  by  its  head,  1,  and  a 
slender  styliform  portion  of  the  shaft,  ending  in  a  point,  at  1. 
There  is  no  representative  of  the  distal  end,  as  in  Maerauchenia 
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•  and  the  Buminants.  The  bones  of  the  foot  are  described  at 
p.  308,  fig.  193  (Horse). 

The  astragalus  shows  the  extreme  perissodactjle  modification 
by  the  depth  and  obliquity  of  the  superior  trochlea,  and  by  the 
extensive  and  undivided  anterior  surface,  which  is  almost  entirely 
appropriated  by  the  naviculare  :  the  ectocuneiforme,  which  is  the 
homotype  of  the  magnum  in  the  carpus,  is  equally  remarkable  for 
its  large  size,  since  it  supports  that  metatarsal,  answering  to  the 
middle  one  in  pentadactyle  quadrupeds,  which  constitutes  the 
chief  part  of  the  hind-foot  in  the  Horse. 

§  188.  Skeleton  of  Artiodactyla. — Some  of  the  common  osteo- 
logical  characters  of  this  order,  with  the  genera  representing  it, 
are  given  at  pp.  285,  286. 

A.    Vertebral  Column.  —  In  the  Hippopotamus,  fig.  306,  the 
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vertebral  formula  is: — 7  cervical,  15  dorsal,  4  lumbar,  6  sacral, 
16  caudal.  The  pleurapophysial  parts  of  the  transverse  processes 
of  the  third  to  the  sixth  cervical  inclusive  develope  hatchet^ 
shaped  plates,  progressively  increasing  in  size,  which  overlap  each 
other.  The  second  and  third  cervicals  have  bituberculate  hypa^ 
pophyses.  The  transverse  processes  of  all  the  cervicals  are  per- 
forated by  the  vertebral  arteries.  The  neural  spines  elongate 
from  the  third  to  the  seventh  cervical,  c.  Six  pairs  of  ribs 
directly  join  the  sternum,  which  consists  of  five  bones  and  a 
broad  ensiform  cartilage.  A  metapophysial  ridge  is  developed 
above  the  diapophyses  of  the  eighth  dorsal,  changes  its  position 
and  shape  with  increase  of  size  in  the  two  succeeding  vertebras, 
in  the  eleventh  projects  forward  from  above  the  prozygapophysis. 
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:is:  ^  .nx-Lity  ,.•:'  iho  ?pine  uf  the  eleventh  dur^  indicates  the 
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centre  of  motion  of  the  trunk.  The  dorsal  neurapophyses  are 
directly  perforated  by  the  spinal  nerves,  and  a  bar  of  bone  con- 
nects the  end  of  the  diapophysis  with  the  hind  part  of  the  cen- 
trum, circumscribing  a  vertical  perforation  on  each  side.  The 
metapophysis  conmiences  as  a  tuberosity  upon  the  diapophysis  of 
the  middle  dorsal  vertebrae,  projects  forward  midway  between  the 
di-  and  prozyg-apophyses  in  the  tenth,  passes  upon  the  prozyg- 
apophyses  of  ihe  eleventh  dorsal,  and  is  continued  in  that  position 
throughout  the  lumbar  series.     There  are  no  anapophyses. 

307 


Dromedary. 

In  the  Dromedary,  fig.  307,  and  Camel  (Camelus  bactrianu8\ 
the  vertebral  formula  is : — 7  cervical,  12  dorsal,  7  lumbar,  4  sacral, 
and  18  caudal.  Seven  pairs  of  ribs  articulate  directly  with  the 
sternum,  which  consists  of  six  bones,  the  last  being  greatly  ex- 
panded and  protuberant  below,  where  it  supports  the  pectoral 
callosity  in  the  living  animal.  The  cervical  region  is  remarkable 
for  its  length  and  flcxuosity;  the  vertebrae  are  opisthocoelian, 
but  resemble  those  of  Macrauchenia  in  the  absence  of  the  perfo- 
ration for  the  vertebral  artery  in  the  transverse  process,  with  the 
exception  of  the  atlas ;  that  artery,  in  the  succeeding  cervicals, 
enters  the  back  part  of  the  neural  canal,  and  perforates  obliquely 


460  ANATOMY  OP  VERTEBRATES* 

the  fore  part  of  the  base  pf  the  neurapophysis^  as  shown  in  it 
longitudinal  section,  fig.  308.'  The  costal  part  of  the  transveise 
process  is  large  and  lamelUform  in  the  fourtii  to  the  sixth  cenid 
vertebrae  inclusive:  in  the  seventh  it  is  a  short  protaberance:  ii 
gjjg  this   cervical  ihe  neural  spine  be- 

comes conspicuous.  The  metapo- 
physial  tubercle  is  developed  firm 
the  diapophjsis  in  the  eleven  ante- 
rior dorsal  vertebras^  and  passes  upoi 
the  zvficapophysis  in  the  twelfUi,coD- 

Section  of  third  cerTlcal,  Camel.  ^.        .  ^      ,i  V.  .,.  .1  « 

tinuing  in  that  position  throughout 
the  lumbar  series.  There  are  no  anapophjses.  The  spinous  pnv- 
cess  in  the  first  dorsal  suddenly  exceeds  in  length  that  of  the  last 
cervical,  and  increases  in  length  to  the  third  dorsal ;  from  this  to 
the  twelfth  dorsal  the  summits  of  the  spines  are  on  almost  the  same 
horizontal  line,  and  are  expanded  and  obtuse  above,  sustaining 
the  substance  of  the  hump  (Dromedary)  or  humps  (Camel) ;  the 
spines  of  the  lumbar  vertebrae  progressively  decrease  in  length. 
The  diapophyses  of  the  last  six  lumbar  vertebras  are  very  long: 
those  of  the  last  lumbar  do  not  articulate,  in  the  CameUdtB  or  k 
any  Kuminant,  with  the  sacrum. 

In  the  Llama  (Auchenia)  the  last  stemeber  is  not  so  expanded 
as  in  the  Camel :  the  vertebral  formula  is  the  same :  the  fiAh 
lumbar  has  the  largest  spine :  the  cervicals,  besides  having  im- 
perforate transverse  processes,  resemble  those  of  Macrauchenia 
in  the  flatness  of  the  terminal  articular  surfaces,  and  the  neck  is 
habitually  less  bent  down  than  in  the  Camels. 

In  the  Musk-deer  (^Moschus  moschiferu$\  the  vertebral  formula 
is:— 7  cervical,  14  dorsal,  5  lumbar,  5  sacral,  and  6  caudal.  The 
atlas  has  a  hypapophysis,  but  no  neural  spine.  The  transverse 
process  is  a  broad  thin  plate  coextensive  with  the  length  of  the 
vertebra:  it  is  perforated  transversely  from  the  neural  canal 
outward  to  beneath  its  base,  for  the  exit  of  the  nerve,  and  then 
vertically,  by  the  vertebral  artery,  which  also  perforates  the 
neural  arch.  The  axis  has  a  sharp  hypapophysial  ridge  extending 
from  below  the  base  of  the  odontoid  process  to  beyond  the  poste- 
rior surface  of  the  centrum,  where  it  underlaps  the  next  vertebra. 
A  similar  ridge  and  backwardly  produced  process  are  developed 
from  the  two  succeeding  cervicals,  beyond  which  the  ridge  gra- 
dually subsides  to  the  seventh  vertebra.  From  the  third  to  the 
sixth  cervical  inclusive,  the  pleurapophjsial  part  of  the  transverse 

>  zcii*.  p.  218,  no.  925,  A.,  figured  in  xcv*.  pi  vi.  fig.  2,  also  in  xovi,  fig.  344. 
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process  equals  or  exceeds  the  length  of  the  vertebra,  and  those 
})arts  are  arranged  so  as  to  overlap  each  other.  There  is  a  dis- 
tinct, but  less  extensive  diapophysial  portion  projecting  external 
to  the  vertebrarterial  canal :  this  part  alone  represents  the  trans- 
verse process  in  the  seventh  cervical.  The  spines  of  the  third 
and  seventh  cervical  vertebras  are  vertical,  those  of  the  inter- 
mediate ones  incline  forward.  The  spines  of  the  anterior  dorsal 
vertebras  are  remarkable  for  their  height,  those  of  the  posterior 
dorsal  and  of  the  lumbar  vertebrae  for  their  antero-posterior 
extent,  the  anterior  angle  being  produced  forward  and  overlapping 
the  spine  in  advance.  A  distinct  metapophysis  begins  to  be 
developed  from  the  second  dorsal,  and  attains  its  greatest  length 
on  the  twelfth.  There  are  no  anapophyses.  The  notches  for 
the  nerves  increase  in  depth  as  the  vertebras  recede  in  position, 
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and  in  the  last  dorsal  the  neural  arch  is  completely  perforated  by 
these,  which  is  likewise  the  case  in  most  of  the  lumbar  vertebras. 
Eight  pairs  of  ribs  directly  articulate  with  the  sternum,  which 
consists  of  seven  bones.  The  tubercle  disappears  from  the  penul- 
timate pair  of  ribs,  and  the  diapophysis  is  reduced  to  a  short 
rough  tuberosity ;  but  in  the  last  pair  the  costal  tubercle  with  its 
articular  surface  reappears,  and  the  diapophysis  resumes  its 
normal  size  and  articulation  with  the  rib.  In  the  first  lumbar 
vertebra  the  diapophysis  suddenly  increases  in  length  and  breadth, 
and  is  probably  augmented  by  the  ossified  and  coalesced  beginning 
of  a  rib. 

In  the  common  Ox  {Bos  Taurus,  fig.  309),  the  vertebral  for- 
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*  hollow-horned*  and  ^solid-homed'  Rtiminarits,  though  partaking 
more  of  the  nature  of  the  Deer- 

In  the  NubiaD  Griraffe  {Camelopardalis  Giraffa^  fig*  310),  ttf 
vertebral  formula  is : — 7  cervkalj  14  dorsal^  5  lumbar j  4  eacnl, 
and  20  caudaL  Tlie  vertebral  artery  perforates  the  fore  part  ^i 
tile  iieurajK)physia  of  tlie  atlas  twice,  vertically  and  transversely: 
the  atlas  has  a  bypapophyais :  this  process  in  the  deotata  is  \ 
long  thin  ridge :  the  upper  and  fore  part  of  tlie  transverse  procesi 
is  ]ierf orated  by  the  vertebral  artery  in  tbia  and  the  succeeding 
cervicals:  a  [)air  of  exogenous  processes  is  developed  firom  the 


under  and  fore  part  of  tbe  body  in  the  third  to  the  seventh  cer- 
vicid  inclusive :  the  second  to  tbe  sixth  are  remarkable  for  their 
length  and  almost  want  of  nenral  spines :  tbe  ebort  one  of  the 
seven  tb  cervical  ia  an  trover  ted:  those  of  the  dorsals  rapidly 
increase  to  tbe  third,  which,  witli  those  of  the  fourth  and  fifth, 
raise  the  outline  of  the  bac;k,  like  a  bump :  tbey  then  gradually 
diminish  to  the  last  dorsal.  The  ribs  are  long,  corresponding 
with  tbe  great  depth  of  the  chest.  Seven  pairs  directly  join  the 
stcraumj  which  consists  of  six  bones. 

In  the  Rein-deer  {^Certus  tarandus^  fig*   311),  the  vertebral 
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formula  is: — 7  cervical,  14  dorsal,  5  lumbar,  4  sacral,  and  11 
caudal.  The  pleurapophyses  of  the  third,  fourth,  and  fifth 
cervicals  are  developed  forward  as  well  as  backward ;  those  of  the 
fiixth  are  also  of  great  breadth,  and  are  more  produced  downward. 
The  metapophysis  is  distinctly  developed  upon  the  second  and 
succeeding  dorsal  vertebrae,  and  attains  the  outside  of  the  zyga- 
pophysis  in  the  eleventh.  All  the  dorsal  ribs  are  biarticulate,  re- 
taining both  head  and  tubercle.  Eight  pairs  of  ribs  directly  join 
the  sternum,  which  consists  of  seven  bones.  In  the  Megaceros, 
fig.  166,  as  in  the  Fallow  and  most  other  Deer,  there  are  thirteen 
dorsal  and  six  lumbar  vertebrae. 

The  opisthocoelian  ball-and-socket  joints  of  the  cervical  ver- 
tebrae facilitate  the  habitual  inflections  of  the  neck  in  the  grazing 
and  browzing  actions  in  all  Kuminants,  while  the  long  spines  of 
the  anterior  dorsals  afford  adequate  surface  of  attachment  to  the 
elastic  and  muscular  structures  sustaining  the  head — heavy  in 
most  of  them  with  horns  or  antlers. 

B.   SkulL — This  presents  great  diversity  of  shape  in  the  Artio- 
dactyla,  with  some  common 
characters,    already   noted, 
which   distinguish   it    from 
that  of  Perissodactyla. 

In  the  Hippopotamus  y 
fig.  312,  the  occiput  is  sub- 
vertical  :  from  the  upper 
part  of  its  crest  the  con- 
tour of  the  skull  runs 
nearly  straight  to  the  fore 
ends  of  the  nasals,  15.  The 
orbits,  small  and  with  an 
entire,  or  almost  entire,  nm 

of  bone,  singularly  project  both  upward  and  outward,  the  frontals, 
11,  rising  toward  them,  and  arching  lengthwise  across  their  upper 
half.  The  upper  jaw,  c,  which  is  almost  cylindrical  in  advance  of 
the  molar  series,  suddenly  expands  to  form  the  alveoli  of  the  upper 
tusks,  the  mandible  similarly  expanding  for  those  of  the  lower 
tusks,  c ;  in  the  upper  jaw  a  second  terminal  expansion,  divided  by 
a  deep  groove  from  the  first,  increases  the  space  for  the  large  tusk- 
shaped  incisors.  The  depth  of  the  temporal  fossae  renders  that  part 
of  the  cranium,  7,  narrower  across  than  any  part  of  the  face  :  the 
fossae  meet  above  to  form  a  parietal  crest  in  old  males.  The  facial 
part  of  the  lacrymal  is  extensive,  but  the  small  deep-seated  orbital 
part  is  perforated  by  the  lacrymal  foramen.    The  malar,  26,  sends 
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up  a  process  to  the  postfrontal,  which  it  rarely  reaches :  it  ex- 
tends backward  to  the  glenoid  cavity,  and  forms  the  under  part  of 
the  zygoma :  the  upper  part  is  due  to  the  squamosal,  27.  The  ex- 
ternal nostril  is  terminal,  vertical,  and  formed  by  the  nasals  and 
premaxillaries :  the  maxillaries  are  perforated  by  a  moderately 
large  antorbital  foramen  far  in  advance  of  that  cavity :  the  lateral 
series  of  molar  alveoli  slightly  diverge  anteriorly — a  disposition 
which  Cuvier  regarded  as  peculiar  to  the  Hippopotamus  among 
Mammals.  The  bony  palate  is  deeply  notched  anteriorly  between 
the  premaxillaries :  there  are  two  pairs  of  ^  foramina  incisiva.'  The 
ascending  ramus  of  the  mandible,  1,  has  a  posterior  convexly- 
curved  outline  descending  to  an  antroverted  angular  process; 
the  horizontal  rami,  divided  by  a  deep  notch  from  the  angle,  run 
forward  almost  parallel  with  each  other,  and  expand  at  the  sym- 
physis, along  whose  upper  and  anterior  broad  truncated  border 
the  incisor  sockets,  four  in  existing,  six  in  some  extinct.  Hippo- 
potamiy  form  a  straight  transverse  line,  between  the  tusks,  c. 

In  a  very  young  Hippopotamus  may  be  observed  the  following 
evidences  of  cranial  structure.      The  basioccipital  has  partially 
coalesced  with  the  basisphenoid,  but  not  with  the  exoccipitals ;  it 
forms  no  part  of  the  occipital  condyles,  and  developes  no  processes 
from  its  under  surface:    its   lateral  synchondrosal   surfaces  are 
divided  into  two  facets,  one  for  the  part  of  the  exoccipital  behind 
the  precondyloid  foramen,  the  other  for  the  smaller  part  in  front 
These  parts  of  the  exoccipital  have  not  coalesced  on  the  inner 
side  of  that  foramen,  which  is  single :    the  exoccipital  developes, 
besides  the  condyloid  process,  the  paroccipital  and  a  broad  process 
to  join  the  mastoid.      The  superoccipital  is  a  thick,  rhomboid, 
vertical  plate.      The  alisphenoids  have  coalesced  with  the  basi- 
sphenoid :  they  are  short,  and  are  grooved  behind  by  the  boundary 
which  they  contribute  to  the  foramen  common   to  the  foramen 
ovale  and  the  basicranial  foramen  lacerum,  and  more  deeply  in 
front  by  the  part  they  contribute  to  the  foramen  common  to  the 
foramen  rotundura  and  foramen  lacermn  anterius :    they  develope 
long  pterygoid  processes,  which  are  imperforate,  and  articulate 
along  their  inner  sides  with  the  entopterygoids*    The  presphenoid 
has  coalesced  with  the  orbitosphenoids  and  with  the  rudimental 
prefrontals,  which  are  connate,  compressed,  «nd  form  the  median 
septum  of  the  great  anterior  outlet  of  the  cranial  cavity.     The 
vomer  is  a  long,  slender,  pointed  bone,  deeply  grooved  above. 
The  parietals  articulate  with  the  alisphenoids,  orbitosphenoids, 
squamosals,  mastoids,  frontals,   superoccipital,  and   each  other. 
The  under  part  of  the  frontal  is  divided  into  a  cranial,  orbital,  and 
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olfactory  surface ;   the  orbital  surface  being  the  largest,  and  the 
superorbital  ridge  broad  and  much  produced.  The  petrosal^mastoid. 


3iS 


Skull  of  Yovng  F\g  (Aw). 

tympanic  and  squamosal  elements  of  the  temporal  have  coalesced. 
The  meatus  intemus  is  a  deep  fossa  divided  into  a  cribriform 
surface  below  and  a  canal  above :  the 
tympanic  swells  into  a  large  three- 
sided  conical  protuberance  below.  The 
palatines  prolong  the  bony  palate  be- 
yond the  series  of  grinding  teeth  in 
use. 

The  composition  of  the  Mammalian 
skull  has  been  more  fully  exemplified  in 
the  young  of  the  genus  Sus  (p.  300, 
fig.  189).  In  fig.  314,  is  given  a  back 
view  of  the  neural  arch  of  the  occipital 
vertebra,  showing  the  flattened  cen- 
tnun  (basioccipital),  c  3,  the  neurapo- 
.  physes  (exoccipitals),  c  2,  with  their 
convex  post-zygapophyses  or  *  con-, 
dyles,'  and  long  descending  diapophy- 
ses  (paroccipitals).     The  neural  spine  (superoccipital),  c  i,  is  a 
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vertical,  quadrate,  expanded  plate,  which  completes  the  upper 
part  of  the  neural  canal  (foramen  magnum). 

The  superoccipital  enters  into  the  formation  of  the  upper  sur- 
face of  the  skull,  as  at  3,  fig.  313.  The  parietals  present  flat  supra- 
cranial,  ib.  7,  7,  temporal,  and  intra-<5ranial  surfaces^  fig.  315,  7. 
The  frontals  present,  also,  a  flat  supracranial  surface,  fig.  313,  ii, 
an  orbital,  and  an  intra-cranial  surface,  fig.  315,  ii.  The  postorbital 
process  is  not  joined  by  a  malar  one :  the  superorbital  canals  are 
large,  as  in  Ruminants.  The  nasals,  15,  are  long  and  pointed: 
the  premaxillaries,  22,  unite  and  circumscribe  with  them  the  ex- 
ternal nostril.  There  is  a  prenasal  bone,  o,  which  strengthens 
the  uprooting  snout  in  most  of  the  hog-tribe.     The  maxillary,  21, 
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Section  of  akull  of  Toang  Pig  iSu$). 


in  the  adult  Boar,  developes  a  large  outwardly-curved  alveolus 
for  the  tusk ;  strengthened  above,  in  the  Indian  wild  Boar,  by  a 
longitudinal  ridge :  the  antorbital  perforation  is  of  moderate  size : 
the  maxillary  unites  posteriorly  with  the  large  facial  plate  of  the 
lacrymal,  fig.  313,  73,  and  with  the  malar,  26.  This  has  no  post- 
orbital  process.  It  is  united  with  the  zygomatic  part  of  the  squa- 
mosal, 27,  by  a  double  notch.  The  small  cranial  plate  of  the 
squamosal  is  shown  at  d,  fig.  315.  The  articular  surface  for  the 
mandible  is  convex  from  before  backward,  concave  transversely, 
in  which  direction  it  is  most  extended.  The  alisphenoid  is  marked 
/,  in  figs.  313  and  315.  The  floor  and  sides  of  the  long  nasal . 
canal  are  formed  by  the  premaxillaries,  fig.  315,  22,  the  maxiJlaries, 
21,  and  the  palatines,  20  :  to  the  latter  succeed  the  pterygoids,/: 
the  depth  of  the  canal  is  gained  by  depressing  the  backwardly- 
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extended  bony  palate  below  the  level  of  the  basis  craniiy  1-9.  The 
petrotympanic  bulla,  16,  is  large,  prominent,  and  subcompressed. 
In  the  interior  of  the  cranium  the  rhinencephalic  compartment,  A, 
is  large  and  well  defined. 

The  skull  of  the  Babyroussa  {Sus  Babyrussa),  as  compared 
with  that  of  Sus  Scrofa  and  Sus  larvatus,  shows  a  broader  and 
lower  occiput ;  the  mastoids  are  larger ;  the  temporal  fossae  more 
approximated  on  the  upper  part  of  the  cranium ;  the  bony  palate 
is  more  produced  beyond  the  last  molars.      The  mastoids  show  a 
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Skall  of  Wart-hog  (Phaeoeh€gru$). 


Mandible  of  Wart-hog. 


pneumatic  cellular  structure,  and  become  confluent  with  the  tym- 
panic and  squamosal,  not  with  the  petrosal.  This  bony  capsule  of 
the  acoustic  organ  retains  its  primitive  individuality,  as  such,  and 
may  be  detached  from  the  surrounding  bones  forming  the  oto- 
crane:  neither  paroccipital  nor  mastoid  are  dismemberments 
thereof,  as  misinterpreters  of  developmental  phenomena  allege. 
There  is  no  ossified  prenasal.  In  the  maxillary  the  long  sockets 
of  the  canine  tusks  bend  upward ;  the  naso-maxillary  part  of  the 
cranium  being  slightly  compressed  between  them.  A  remarkable 
peculiarity  is  also  presented  by  the  fossse  at  the  inner  side  of  the 
base  of  the  pterygoids,  which  lead  to  sinuses  communicating  on 
one  or  both  sides  with  the  sphenoidal  sinus.  The  air-cells  extend 
from  the  nose  to  the  occiput. 

In  the  Wart-hog  {Phacocharus  jEliani,  fig.  316),  the  fronto- 
parietal region  is  broad  and  flat,  except  transversely,  where  it  is 
rendered  concave,  as  in  the  Hippopotamus,  by  the  orbits  being 
raised  above  its  level :  those  cavities,  e,  are  placed  farther  back 
than  in  the  other  Suidce,  and  are  partly  defended  by  a  post-orbital 
process  of  the  malar.      The  paroccipital  processes  are  long  and 


470  ANATOMY   OF   VERTEBRATES. 

slender.  The  mastoids  are  compressed  and  pointed^  and  are  much 
less  developed  than  in  the  Wild  Boar,  the  Masked  Boar,  or  the 
Babyroussa.  The  pterygoid  fossas  are  simple  ;  not  divided  into 
an  external  and  internal  compartment,  as  in  the  Babyroussa,  but 
they  are  more  extended  backward.  The  sockets  of  the  canines,  e, 
have  not  the  process  from  the  upper  part,  as  in  the  Sus  larvatm. 
The  maxillo-premaxillary  suture  is  early  obliterated,  except  at 
the  apex  of  the  premaxillaries  which  extend  beyond  the  sockets  of 
the  tusks.  The  nasals,  15,  are  of  great  length.  The  fore  part  of 
the  lower  jaw,  fig.  317,  is  expanded  for  the  sockets  of  the  tusks,  c, 
and  truncate,  as  in  Hippopotamus ;  but  the  sockets  of  the  incisors 
are  soon  obliterated.  In  the  interior  of  the  skull  a  tentorial  ridge 
is  developed. 

In  the  Peccary  a  strong  ridge  extends  from  the  lower  border 
of  the  malar.  The  pterygoids  have  not  the  fossa?  shown  in  the 
Babyroussa  and  Wart-hog,  and  are  less  laterally  expanded.  The 
paroccipitals  rise  more  to  the  outside  than  in  Sus,  The  articular 
surface  for  the  mandible  is  concave  from  before  backward. 

In  the  skull  of  a  Camel  {Camelus  bactrianus,  fig.  318),  the 
occipital  condyles  are  divided  into  two  surfaces  meeting  at  an 

acute  angle,  and  thej 
come  in  contact  with  each 
other  beneath  the  basi- 
occipital,  which  contri- 
butes an  equal  share 
with  the  exoccipitals  to 
their  formation.  The 
paroccipitals  are  small, 
and  shorter  than  the 
mastoids.        The      occi- 

BlcaW,  Oamau^bactrianus.  P^^>  H,    and    parfctal,  9, 

crests  are  sharp :  the 
zygomatic  arches,  in  relation  to  the  laniariform  teeth,  s,  a,  o,  are 
longer  and  overspan  a  wider  temporal  fossa,  lo,  than  in  true  Rumi- 
nants. The  orbit  has  an  entire  bony  rim.  The  premaxillaries,  i ,  do 
not  reach  the  nasals,  7,  and  the  maxillaries,  2,  contribute  to  form 
the  external  bony  nostril.  In  the  Llama  and  Yicugnsi  {Auckenia)^ 
the  premaxillaries  exclude  the  maxillaries  from  the  nostril.  A 
vacuity  between  the  maxillary,  lacrymal,  frontal,  and  nasal  re- 
mains large  in  Llamas,  but  is  reduced  in  old  Camels  to  a  small 
size,  between  the  frontal,  s,  and  maxillary,  2 ;  or  it  may  be  obli- 
terated, as  is  usual  in  the  Vicugna.  The  antorbital  foramen,  b, 
opens  above  the  last  premolar.     The  orbital  plate  of  the  lacrymal 
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shows  two  perforations.  The  external  pterygoid  process  is 
formed  by  the  alisphenoid^  the  internal  one  by  the  true  ptery- 
goid; both  are  far  behind  the  bony  palate^  which  is  divided 
from  the  last  molar  alveolus  by  a  notch.  The  cranial  wall  in 
the  Camel  is  unusually  thick,  with  a  close  cancellous  diploe, 
save  where  the  air-cells  penetrate  the  frontal  and  presphenoid. 
There  is  no  bony  tentorium.  The  lateral  sinus  bifurcates  above 
the  petrosal  into  two  wide  venous  canals.  The  hinder  one  again 
divides,  one  branch  terminating  on  the  superoccipital  surface, 
above  the  mastoid,  the  other  descending  to  terminate  at  the 
ordinary  *  foramen  jugulare  : '  the  anterior  canal  descends  to  the 
base  of  the  zygoma,  where  it  also  divides,  one  division  opening 
on  the  inner  and  the  other  on  the  outer  side  of  the  post-glenoid 
process.  In  the  Llama  the  venous  opening  above  the  root  of  the 
zygoma  is  large :  and  there  is  a  smaller  one  at  the  fore  part  of 
the  root.  The  foramen  rotundum  is  blended  with  the  foramen 
lacerum  antmus.  The  rhinencephalic  fossa  is  narrow  but  deep. 
The  osseous  septum  is  coextensive  with  the  nasal  bones  in  old 
Camels.  The  angle  of  the  mandible,  ir,  is  singularly  elevated, 
and  the  contour  of  the  ascending  ramus  makes  a  convex  sweep 
to  the  lower  border  of  the  horizontal  one.  The  outlet  of  the 
dental  canal,  r,  is  below  the  laniariform  premolar,^.  The  fore 
part  of  the  symphysis  expands  horizontally  for  the  incisor 
alveoli. 

In  the  true  Ruminants  the  skull  is  characterised  by  the  small 
size  and  edentulous  condition  of  the  premaxillaries,  the  slender 
zygomatic    arches,    the  entire 
bony  rim  of  the  orbit,  the  large  ^^^ 

facial  plate  of  the  lacrymal,  and 
by  the  processes  of  the  frontal 
bone  for  the  formation  of  horns 
or  antlers.  These  latter,  how- 
ever, are  wanting  in  both  sexes 
of  the  Musk-deer  {MoschuSf 
Traffulu8)jSL8in  the  Camel  tribe. 
The  occipital  condyles,  fig.  319, 

,         ,        ^  ,        ^         1°  I  Skull,  MoaehuB  mo9eW«ru$. 

closely    approxmiate     below : 

the  paroccipital  is  longer  than  the  mastoid.  The  temporal  fossse, 
in  the  formation  of  which  the  parietals,  9,  take  a  large  share,  with 
the  squamosals,  lo,  are  divided  above  by  a  parietal  crest,  and 
resemble  those  of  the  Camel.  There  is  a  small  vacuity  between 
the  frontal,  s,  lacrymal,  3,  maxillary,  2,  and  nasal,  7,  in  Moschus 
moschiferiuff  which  does  not  exist  in  Tragulus.     The  malar,  4,  is 
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marked  by  a  ndge  continued  from  the  lower  border  of  tiie  orbit 
The  petrotympanic  forms,  in  the  smaller  Musk-deer  (  Tragulu$) 
and  Antelopes  (  Cephalophus),  a  large  *  bulla  ossea : '  and  the  orbits 
gain  in  proportional  size  as  the  bulk  of  the  species  decreases. 
The  lateral  emarginations  of  the  bony  palate  are  usually  deeper 
than  the  median  one,  in  true  Kuminants,  the  reverse  being  the 
case  in  the  Llama  and  Vicugna.  In  Microtherium  the  premaxil- 
laries  do  not  reach  the  nasals,  nor  yet  quite  in  Hr/Oimoschus, 

In  the  skull  of  the  Bovid(B 
I  have  usually  seen  that,  al- 
though the  full  size  and  mature 
dentition  have  been  acquired,  the 
suture  between  the  exoccipitals, 
fig.  320,  u',  11',  and  that  between 
these  and  the  superoccipital,  ib. 
11,  remain  distinct.  The  occipi- 
tal condyles,  i,  are  wide  apart,  as 
in  Antelopes  and  Deer.  The 
paroccipital,  i,  and  fig.  321,  a", 
descends  much  below  th«  mastoid,  lo ;  the  exoccipitals  complete  the 
foramen  magnum,  above :  the  basioccipital  has  a  pair  of  tubercles. 
In  the  Ox  {Bo8  tettrws)  the  whole  of  the  upper  surface  of  the  cranium 


BkuU  of  tbe  Ganr,  from  behind. 


SkaU  of  the  Ox  {B09  tauru*). 


IS  formed  by  the  frontals,  fig.  321,  c:  the  parletals,  which,  at 
an  earlier  period,  encroach  upon  the  back  part  of  the  upper  sur- 
face, are  now  pushed  quite  to  the  posterior  or  occipital  aspect. 
This  deposition  does  not  take  place  in  the  Bisorij  fig.  320,  but  the 
frontals,  at  the  interspace  between  the  horns,  are,  with  the  con- 
joined parietals,  9,  developed  into  a  ridge  rising  above  that  formed 
by  the  superoccipital,  ii.  The  petro-tympanic,  fig.  320,  lo,  321,  e', 
is  prominent  and  rough.  The  squamosal,  e,  has  a  venous  outlet 
above  the  base  of  the  zygoma.     The  malar  forms  the  lower  part 
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of  the  orbit  and  extends  largely  upon  the  face,  at  A,  to  join  the 
maxillary,  A.  The  corresponding  plate  of  the  lacrymal  is  still 
more  extensive  and  here  joins  the  nasal,/,  leaving  a  small  fissure 
between  those  bones  and  the  frontal,  c.  This  very  extensive  bone 
has  a  large  superorbital  fissure.  The  nasals  are  cleft  at  their 
fore  end.  The  premaxillary,  g^  has  but  a  small  or  loose  jimction 
vniYi  the  nasals.  The  maxillary,  A,  is  extensive,  the  antorbital 
foramen.  A',  perforates  it  above  the  first  premolar.  In  Bison 
europcBus  the  horns  arise  in  advance  of  the  ridge  formed  by  the 
superoccipital  bone,  the  parietals  advancing  to  the  upper  surface 
of  the  skull  and  being  interposed  betweeh  the  frontal  and  super- 
occipital.  The  Bison  differs  from  the  Buffalo  {Bubalus)  in  the 
greater  breadth  and  convexity  of  the  frontal,  and  in  the  much 
greater  extent  of  the  orbital  processes  of  that  bone,  which,  with  the 
coextensive  processes  of  the  lacrymal  and  malar,  form  a  prominent 
cylinder.  The  nasals  are  relatively  shorter  aijd  broader  than  in  tlic 
Ox  {Bos) ;  but  the  chief  distinction  between  the  Bison  and  the  Ox 
is  seen  in  the  shorter  premaxillaries,  which  do  not  rise  to  join  the 
nasals :  here,  therefore,  six  bones  enter  into  the  formation  of  the 
external  nasal  aperture,  instead  of  four,  as  in  Bos  and  Bubalus, 

The  frontal  sinuses  extend  into  the  horn-cores  in  all  Bovines, 
but  not  so  in  the  majority  of 
Antelopes.  In  this  rumi- 
nant group,  with  some  ex- 
ceptions, e.  g.  Aigocerosy 
Lgrocerosy  StrepsiceroSy  Di- 
cranocerosy  the  facial  plate 
of  the  lacrymal  is  impressed, 
often  deeply,  by  the  antor- 
bital cutaneous  sac,  com- 
monly called  *  lacrymal.'  In 
the  Duykerbok  ( Cephalo^ 
phus  mergens)y  the  parietals  ... 

•'  11.  1  Front  Tlow  of  the  crmnlttm  of  the  SiTatherlnm. 

are  produced  m  an  angular 

form  between  the  bases  of  the  horn-cores,  which  spring  as  usual 
from  the  frontals.  In  the  Chickara  (  Tetraceros)  the  frontal  devc- 
lopes  two  pairs  of  horn-cores :  and  this  peculiarity  was  also  mani- 
fested by  some  gigantic  Antelopes  {Bramatherium  and  Sivathe- 
rium)y  now  extinct,  of  the  same  continent  (India):  in  which,  also, 
the  posterior  horn-cores  were  ramified,  as  in  the  Prong-horn  (/>/- 
cranoceros  furcifer).  The  Sivathere  was  also  remarkable  for  the 
shortness  of  the  facial  part  of  the  skull  and  the  termination  of  the 
nasals  in  a  down-bent  point,  fig.  322.     In  the  Duykerbok,  Cha- 
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mois^  Goral,  Saiga,  Chiru,  and  one  or  two  others,  the  premaxillarieg 
do  not  join  the  nasals ;  but  this  junction  is  seen  in  most  Antelopei 
In  ally  as  in  the  Sheep  and  its  allies,  both  the  superoccipital, 
fig.  323,  11,  and  fig.  324,  a^  and  the  parietds, 
ib.   9  -and  i,  maintain  their   position  at  the 
back  part  of  the  vertex  :  the  frontals,  ib.  e,9, 
and  c,  still  fi^rm  the  chief  part  and  alom  { 
develope  the  horn-cores :  the  nasals,  7,  are  not ! 
expanded  posteriorly,  as  in  CamelidxB.     Both 
frontals,  c,  and  malars.  A,  fig.  324,  extend  &r 
in  advance  of  the  orbit,  dy  but  are  exceeded 
in  this  extension  by  the  lacrymals,  t,  whidi 
articulate  with  the  nasals,  f,  for   an  equal 
extent  with  the  maxillary,  h.     In  the  wild 
Oms  Ammon  there  is  a  lacrymal  pit,  and  this, 
in  Ovis  Vigneiy  deeply  impresses  the  facial 
plate  of  the  bone.    The  premaxillaries  in  the 
same   wild  Thibetan  sheep  join  the  nasals 
suturally,  but  in  the  domestic  Ovis  Aries,  the 
premaxillaries,  g,   barely  touch  the  nasals. 
In  the  Nahura  Argali  ( Ovis  Nahura),  the  premaxillaries  do  not 
reach  the  nasals :  nor  is  the  lacrymal  impressed  with  the  pit.    The 
^incisive'  fissures  in  the  palatal  plates  of  the  pVemaxillaries,  figs. 

324 


Skull  of  Sboep. 


BkuU  of  Sheep,  hornless  rar. 


168  and  323,  a,  are  long  and  narrow.  The  maxillo-palatal  sutures, 
fig.  168,  dy  turn  obliquely  outward  and  backward  to  the  inner 
wall  of  the  socket  of  the  last  molar,  opposite  the  hinder  half  of 
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which  are  three  posterior  palatal  notches.  The  pterygoids  form 
no  part  of  the  bony  palate. 

The  following  differences  may  be  noticed  in  comparing  the 
skull  of  the  Goat  (  Copra  Hircus)  with  that  of  the  Sheep  (  Ovis 
Aries).  In  the  Sheep  the  postorbital  process  or  plate  is  broader 
and  more  bent  outward,  forming  a  deep  depression  between  it 
and  the  origin  of  the  horn ;  it  also  turns  the  plane  of  the  orbit 
more  obliquely  forward :  in  the  Goat  the  aspect  of  this  plane  is 
more  directly  outward.  The  occiput  is  higher  in  proportion  to 
its  breadth  in  the  Goat  than  in  the  Sheep.  The  petrosal  is 
relatively  longer  and  deeper  in  the  Goat  than  in  the  Sheep. 
The  nasals  are  relatively  smaller  in  the  Goat,  where  they  arc 
shorter  than  the  premaxillaries ;  their  upper  surface  is  concave 
lengthwise,  except  at  the  free  points,  where  they  are  slightly 
bent  down.  In  the  Sheep  the  nasals  are  relatively  larger,  are 
longer  than  the  premaxillaries,  and  their  whole  upper  surface  is 
convex  lengthwise.  There  are  also  differences  in  the  connections 
of  these  bones ;  in  the  Sheep  the  nasals  join  the  lacrymals,  rarely 
the  premaxillaries,  whilst  in  the  Goat  they  join  the  premaxillaries 
but  not  the  lacrymals, — a  vacuity,  which  is  not  present  or  is 
rudimental  in  the  Sheep,  separating  them  from  the  lacrymals. 
The  upper  border  of  the  maxillary  bone  is  relatively  shorter  in 
the  Goat,  and  the  anterior  border  is  not  notched  to  receive  the 
upper  end  of  the  premaxillary,  as  it  is  in  the  Sheep.  The  pre- 
maxillary  is  narrower  at  its  alveolar  end  in  the  Goat,  and  its 
upper  end  rises  so  as  to  overlap  the  side  of  the  nasal :  in  the 
Sheep  the  premaxillary  is  relatively  broader,  and  rarely  rises  to 
touch  the  nasal.  The  lacrymal  bone  of  the  Goat  is  shorter  in 
proportion  to  its  breadth,  and  is  not  impressed  on  its  facial 
surface  by  a  lacrymal  fossa ;  it  does  not  touch  the  nasal :  in  the 
Sheep  the  lacrymal  is  longer  in  proportion  to  its  breadth,  and  is 
more  regularly  quadrate  in  form ;  it  joins  the  nasal,  and  thus 
obliterates  that  vacuity  which  is  present  in  the  skull  of  the 
Goat ;  its  facial  plate  is  usually  impressed  by  a  concavity  for  the 
cutaneous  lacrymal  pit.  In  comparing  the  upper  contour  of  the 
skull,  from  the  occipital  ridge  to  the  free  extremity  of  the  nasal 
bones,  it  forms,  in  the  Goat,  nearly  a  right  angle,  with  the  two 
sides  equal :  in  the  Sheep  it  forms  a  more  open  angle,  with  the 
anterior  side  twice  as  long  as  the  posterior  one. 

In  the  skull  of  the  Giraffe  {Camelopardalis  Giraffa^  figs.  325, 
326),  the  exoccipitals  form  a  marked  protuberance  above  the 
foramen  magnum  and  below  a  deep  fossa  for  the  implantation  of 
the  ligamentum  nuchas.     The  parietabi  are  chiefly  situated  on 
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the   upper   surface   of  the   skull;   the   osseous    horn-cores   ire 
originally  distinct,  with  their  bases  crossing  the  coronal  suture, 

and  resting  equally  upon  the  pariettb 
and  frontals:  they,  however,  coalesce 
therewith  in  old  males,  and  the  fitHitai 
and  parietal  sinuses  extend  into  tie 
lower  fourth,  the  rest  of  the  horn-core 
being  a  solid  and  dense  bone.  The  pn>. 
tuberance  upon  the  frontal  and  contigu- 
ous parts  of  the  nasal  bones  is  due  to 
an  enlargement  of  those  bones  (as  ob- 
vious in  the  section,  fig.  326),  and  not 
to  any  distinct  osseous  part :  its  surface 
is  roughened  by  vascular  impressions, 
undermining  the  basal  periphery  and 
simulating  a  suture.  The  lacrymal  k 
separated  from  the  nasal  bj  a  large 
vacuity  intervening  between  those 
bones,  the  frontal  and  the  maxillary. 
The  premaxillaries,  which  are  of  un- 
usual length,  articulate  with  the  nasak 
The  petro-tympanic  is  a  separate  bone. 
The  symphysis  of  the  lower  jaw  is 
unusually  long  and  slender.  The  arti- 
cular surface  of  the  prominent  occipital 
condyles  is  so  extended  vertically  as 
to  admit  of  the  head  being  raised  into  a  line  with  the  neck,  and 


Skull  of  female  Giraffe. 


Section  of  Skull  of  nude  Ulraifc. 
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^^ven  slightly  bent  back  beyond  that  line.  The  great  freedom 
jgiven  to  the  movements  of  itie  head  relate,  like  the  length  of  neck 
•nd  general  altitude  of  the  body^  to  the  culling  of  leaves  from  the 
trees  browzed  on  by  the  Griraffe.  The  part  of  the  skull  to  which 
the  elastic  ligament  is  attached  is  raised  considerably  above  the  roof 
of  the  cranial  cavity  by  the  extension  backward  of  large  sinuses, 
or  air-cells,  as  far  as  the  occiput,  fig.  326.  The  sinuses  com- 
mence above  the  middle  of  the  nasal  cavity,  and  increase  in 
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Skull  of  DarbuT  Deer  iCervus  elapku*). 


depth  and  width  to  beneath  the  base  of  the  horns,  where  their 
vertical  extent  equals  that  of  the  cerebral  cavity  itself.  The 
exterior  table  of  the  skull,  thus  widely  separated  from  the  vitreous 
table,  is  supported  by  stout  bony  partitions,  extended  chiefly  in 
the  transverse  direction,  and  with  an  oblique  and  wavy  course. 
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Two  of  the  most  remarkable  of  these  bony  walls  are  placed  at  tk 
front  and  back  part  of  the  base  of  the  homs^  interceptiiig  a  large 
sinus  immediately  over  the  middle  of  the  cranial  cavity,  and 
from  a  third  and  larger  one  behind.  The  prensphenoidal  sinuses 
are  of  a  large  size/ 

The  chief  peculiarity  in  the  skull  of  the  Deer-tribe  is  the 
annual  development,  from  the  frontals,  of  the  solid  deciduoiK 
exostoses  which  serve  as  weapons  (fig.  326,  d,  b)  during  a  portion 
of  the  year,  in  the  males  of  all  kinds  and  in  both  sexes  of  the 

Eein-deer.  Most  species  likewise 
show  vacuities  between  the  frontal, 
8,  nasal,  7,  maxillary,  2,  and  lacry- 
mal,  as  in  figs.  327  and  328.  The 
base  of  the  zygoma  is  perforated 
by  a  vein  from  the  lateral  sinus. 

The  chief  peculiarity  of  the  skull 
of  the  Elk  (Alces)  is  seen  in  the 
great  length  of  the  premaxiUaries 
and  of  the  edentulous  portion  of 
the  maxillaries,  and  in  the  short- 
ness and  breadth  of  the  nasal  bones, 
which  do  not  join  the  premaxillft- 
ries.  The  vomer  is  carinate  be- 
neath. 

In  the  Rein-deer  (  Tarandus)  the 
antlers  spring  from  within  an  inch 
of  the  superoccipital  crest,  and  the 
frontal    bones    are    propordonablj 
extended  backward  on  each  side  rf 
the  parietal,  in  which  the  sagittal 
suture    becomes    obliterated;    the 
frontal  suture  is  persistent,  and  is  complex  in  its  dentations  at  its 
posterior  half.     The  large  lacrymal  presents  two  canals  upon  its 
orbital  border  and  a  deep  oblong  depression  on  its  facial  surface, 
above  which  is  the  vacuity  leading  to  the   olfactory  chamber. 
The  premaxiUaries  do  not  join  the  nasals.     In  the  Fallow-deer 
(Dama)  the  frontal  bones  do  not  extend  so  far  back  as  in  the 
Rein-deer,  and  the  antlers,  in  consequence,  rise  at  a   greater 
distance  from  the  occipital  crest.     The  lacrymal  bone  has  two  per- 
forations at  its  outer  border,  and  its  facial  plate  is  nearly  equally 
divided  into  an  upper  convex  and  a  lower  concave  surface.     The 
antorbital  depressions  show  but  a  small  perforation,  if  any. 

'  xcvu*.  p.  235. 
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The  skull  of  the  Barking-deer  (  Cervus  Muntjak)  is  remarkable 
for  the  great  length  of  the  persistent  pedicles  (fig.  328,  c,  c) 
which  support  the  antlers,  and  which  are  continued  from  two 
strong  ridges  that  traverse  the  outer  side  of  the  frontal  bone  from 
its  junction  with  the  nasals.  The  lacrymal  presents  a  deep  and 
well-marked  fossa,  anterior  to  which  is  the  antorbital  vacuity. 
The  sockets  of  the  upper  canines  are  largely  developed  in  the 
maxillaries. 

In  all  Kuminants,  and  especially  the  homed  kinds,  the  tem- 
poral fossae  are  small,  the  zygomatic  arches  weak,  the  coronoid 
processes  of  the  mandible  fig.  319,  ff,  narrow,  the  base  of  the 
ascending  ramus  expanded;  in  short,  the  attachments  of  the 
biting  muscle  are  restricted,  those  of  the  chewing  muscle  ex- 
panded. That  for  the  masseter  is  shown  by  the  ridge  and 
fossa  continued  forward  from  the  zygoma  below  the  orbit :  that 
for  the  *  pterygoidei  '  by  the 
backwardly     produced     and  329 

rounded  angle  of  the  lower 
jaw.  The  exceptions  to  the 
edentulous  premaxillaries 
have  been  not^.  The  arti- 
cular surface  for  the  mandi- 
ble is  broad,  slightly  convex, 
with  a  posterior  semicircular 
channel  bounded  by  a  ridge. 

The   hyoid   arch  includes 
long,   compressed,    hammer- 
shaped  ^  stylohyals,'  fig.  329,  ^^^,,  „^,  ^^^ 
1,  having  at  their  promixal 

end  the  articular,  a,  and  muscular,  i,  processes,  the  short  *  epi- 
hyals,'  2,  the  ceratohyals,  3,  the  basihyal,  4,  and  thyrohyals,  5 ; 
attached  to  posterior  angular  processes  of  the  basihyal. 

C.  Bones  of  the  Limbs. — Artiodactyles  have  the  limbs  ter- 
minated by  feet  of  4  or  2  toes,  in  symmetrical  pairs :  but,  as  in 
other  Ungulates,  almost  restricted  to  locomotive  functions.  The 
Hippopotamus  and  the  Gazelle  manifest  in  the  even-toed  series 
analogous  extremes  in  the  proportions  of  the  limbs,  as  do  the 
Rhinoceros  and  Horse  in  the  Perissodactyles.  The  blade-bone 
is  long  and  narrow ;  but  the  spine  is  more  commonly  produced 
into  an  acromial  angle  in  the  Artiodactyles.  In  the  Hippo- 
potamus, fig.  305,  this  angle  is  slightly  produced :  the  coracoid 
is  recurved.  The  greater  tuberosity  of  the  humerus  is  divided 
into  two  subequal  processes,  the  inner  one  separated  by  a  deep 
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and  wide  bicipital  fossa  from  the  lower  inner  tuberosity.  The 
ulna  and  radius  have  coalesced  at  their  extremities  and  at 
the  middle  of  their  shaft,  the  interosseous  space  being  indicated 
by  a  deep  groove  and  two  foramina.  The  trapezium  does  no: 
support  any  digit:  of  the  other  four,  the  two  middle  one*, 
answering  to  the  third  and  fourth,  are  most  developed. 

In  the  pelvis  the  ilia  expand  and  bend  outward  from  their 
sacral  attachments  almost  into  the  same  plane  with  the  broad  and 
flat  sacrum:  the  lumbo-iliac  anglQ  is  about  150®.  The  ischia, 
fig.  305,  63,  are  long  and  with  the  dorsal  angles  of  the  broad  and 
thick  tuberosities  produced  toward  the  caudal  vertebrae,  as 
in  other  Artiodactyles,  figs.  308  and  310.  The  ischio-pubic 
symphysis  is  long  and  more  backward  than  in  the  Rhinoceros; 
the  obturator  vacuities  are  large ;  the  acetabula  look  downward 
and  outward,  their  planes  being  about  50°  from  the  perpendicular. 
The  femur  has  a  straight  subcylindrical  shaft.  The  canal  for  the 
medullary  artery  commences  at  the  upper  and  fore  part  of  the 
shaft.  The  fibula  is  distinct  from  the  tibia,  and  extends  from  itg 
proximal  end  to  the  calcaneum.  The  internal  cuneiforme  is 
present  in  the  tarsus,  but  there  is  no  rudiment  of  the  innermoet 
toe:  the  proportions  of  the  other  four  resemble  those  of  die 
fore-foot:  the  bones  of  the  hind  foot  are  noted  at  pp.  308,  309, 
and  figured  in  cut  193,  *  Hippopotamus.' 

In  the  Wild  Boar  (Sus  scro/a)  the  spine  of  the  scapula*  is  most 
developed   at  its   middle,   where  it  is  bent   back:  there    is   no 
acromion.     The  coracoid  is  a  low  tubercle :  the  glenoid  cavity  is 
nearly  circular.     The  humerus  has  an  intercondyloid  vacuity,  as 
in  the  Peccari ;  in  which  the  inner  division  of  the  great  tuberosity 
rises  above  the  head  of  the  bone,   higher   than   in    Sus.     The 
radius  and  ulna  are  distinct  in  Sus,  but  invariably  connected  by 
a  rough  longitudinally  grooved  surface.     The  olecranon  is  large 
and  compressed:    the  distal  end   of  the  ulna  presents   a  small 
trochlear  surface  for  the  carpus  and  a  narrow  strip  for  the  radius. 
In  the  Peccari  the  radius  and  ulna  coalesce  throughout  nearly 
their  whole  extent.     The  trapezium  and  pollex  are  not  present: 
the  *  index '  and  *  miminus  '  digits  are  small ;  the  *  medius  '  and 
*  annularis '  large,  and  chiefly  serviceable  in  progression. 

The  pelvis  is  longer  and  narrower,  relatively,  in  Suidce  than  in 
the  Hippopotamus :  the  lumbo-iliac  angle  is  145°,  the  ilio-pubic 
angle  120°.  The  medullary  artery  of  the  femur  enters  the  fore 
part  of  its  upper  third  and  the  canal  slopes  downward.  The 
tibia  and  fibila  are  distinct,  and  the  latter  fully  developed  in  both 
Sus  and  Dicotyles.     In  both,  the  symmetrical  pair,  which  are 
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most  developed  and  chiefly  serviceable  in  progression^  answer  to 
the  third  and  fourth  digits  of  the  pentadactjle  foot :  but  in  Sus 
the  homologues  of  the  fifth  and  second  are  present;  whilst  in 
Dicotyles  the  fifth  as  well  as  the  first  toe  are  wanting  in  the  hind 
foot :  in  this  the  second  toe  is  small ;  the  third  and  fourth  are  very 
large,  and  form  a  symmetrical  pair,  showing  Ihat  the  Artiodactyle 
structure  essentially  prevails,  although  the  toes,  by  the  non- 
development  of  the  fifth,  are,  exceptionally,  reduced  to  three  in 
number  in  the  hind  foot  of  thie  Peccari. 

In  the  CamelidcBy  fig.  306,  the  scapula  though  longer  than 
in  the  non-ruminant  Artiodactyles,  is  broader,  relatively,  than 
in  homed  Ruminants :  its  spine  is  produced  into  a  short  pointed 
acromion :  the  coracoid  is  grooved  below,  or  sub-bifid.  The 
humerus  is  weaker  than  in  the  Ox,  stronger  than  in  the  Deer, 
longer  relatively  to  the  rest  of  the  limb  than  in  the  Girafie  :  the 
great  tuberosity  does  not  rise  above  the  head :  the  ridge  upon 
the  outer  condyle  is  less  marked.  The  ulna  has  coalesced  with 
the  radius,  and  appears  to  be  represented  only  by  its  proximal 
and  distal  extremities.  The  carpal  bones  have  the  same  number 
and  arrangement  as  in  ordinary  ruminants,  but  the  pisiforme  is 
proportionally  larger.  There  is  no  trace  of  the  digits  answering 
to  the  first,  second,  and  fifth  in  the  pentadactyle  foot :  the  meta- 
carpals of  those  answering  to  the  third  and  fourth  have  coalesced 
to  near  their  distal  extremities,  which  diverge  more  than  in  the 
ruminants,  giving  a  greater  spread  to  the  foot,  which  is  supported 
by  the  three  phalanges  of  each  of  those  digits.  The  last  phalanx 
deviates  most  from  the  ordinary  form,  by  its  smaller  proportional 
size,  rougher  surface,  and  less  regular  shape :  it  supports,  in  fact, 
a  modified  claw  rather  than  a  hoof.  The  ilium,  in  proportion  to 
the  ischium,  is  longer  than  in  the  Hippopotamus.  In  the  femur, 
the  chief  deviation  from  the  ordinary  Kuminant  type  is  seen  in  the 
position  of  the  orifice  of  the  canal  for  the  medullary  artery,  which 
enters  the  back  part  of  the  middle  of  the  shaft,  and  inclines 
obliquely  upward.  The  fibula  is  represented  by  the  irregularly- 
shaped  ossicle  interlocked  between  the  outer  side  of  the  distal  end 
of  the  tibia  and  the  calcaneum.  The  scaphoid  is  not  confluent 
with  the  cuboid  as  in  the  normal  Ruminant :  the  rest  of  the  hind- 
foot  deviates  in  the  same  manner  and  degree  from  that  type,  as 
does  the  fore-foot  In  both  metacarpals  and  metatarsals,  notwith- 
standing the  intimate  blending  of  the  two  bones  apparent  exter- 
nally, their  medullary  cavities  are  distinct:  the  canal  of  the 
medullary  artery  enters  the  back  part  of  each,  above  the  middle, 
and  ascends  obliquely  to  its  respective  cavity. 
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In  true  Kuminants  the  spine  of  the  scapula  is  not  produced^ 
as  in  CamelidcBy  but  terminates  in  an  acute  (^Bos)  or  a  right 
angle  {Cervus):  the  Musks  and  Chevrotains  agree  with  the 
homed  families  in  this  character,  but  the  coracoid  is  a  better 
defined  process  in  the  latter :  in  all,  the  scapula  is  a  long  slen- 
der triangle,  with  two  equal  or  subequal  sides,  the  infraspinal 
division  chiefly  expanding  to  the  base,  which  is  truncate  in  Bos, 
fig.  309,  Antilope  and  CervuSy  fig.  311 ;  but  rounded  oflT  at  the 
gg^  hinder  angle  in  CamelopardalU, 

fig.  310 :  in  this  Ruminant  the 
cervix  scapulse  is  unusually  long. 
The   humerus^   fig.    330,    a,  is 
short,  but  strong,  with  slightly 
expanded  ends:    the  outer  tu- 
berosity, at  the  proximal  one, 
rises  above  the  head  of  the  bone, 
and  bounds,  with  the  inner  tu- 
berosity, a  deep  bicipital  groove: 
the  deltoid  crest,  i,  is  less  pro- 
minent than  in  the  Horse.    The 
distal    articular    end     presents 
three  prominences  answering  to 
the  hollows  of  the  head  of  the 
radius,  the  internal  one  being 
the  broadest  and  lowest*     The 
supracondylar    ridges    are    but 
little   produced:    the    olecranal 
fossa  is  deep,  and  perforated  in 
Musk-deer,    Chevrotains,    and 
Microtheres,   as    in    the    Hc^- 
tribe.      In  the  Gnu  {Antilope 
Gnu)  the  humerus   is  as   loi^ 
as  the  metacarpus :  in  the  Ox, 
fig.  309,  it  is  longer ;    in   the 
Giraffe,  fig.  310,  and  Gazelle, 
fig.  330,  A,  it  is  shorter.      The 
radiusy  fig.  330,  A,  2,  is  the  chief 
bone  of  the  antibrachium :    its  proximal  trochlear  surface  ofiTers 
three  eminences  and  as  many  depressions  to  the  humerus,  restrict- 
ing the  movements  of  the  fore-leg  to  one  plane.      The  shaft  is 
slightly  bent  forward :  the  distal  end  is  moulded  to  the  irregularities 
of  the  carpus,  and  is  most  impressed  by  the  scaphoid,  especially 

*  xuv.  p.  605,  not.  3672  ftnd  3673. 


Bones  of  the  fore  and  hind  limbs  of  the  Indian 
Antelope,    xcrvi-.  • 
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in  the  Chevrotains,  The  chief  part  of  the  ulna,  ib.  3,  Is  its  com- 
pressed olecranon :  the  slender  shaft  may  be  continued  to  the 
carpus,  as  in  MoschidcSy  most  Antelopes,  Sheep,  the  Elk,  the 
Rein-deer,  fig.  311,  the  Fallow-deer,  and  the  common  Ox.  In 
the  Chevrotains  it  longest  maintains  its  individuality :  in  the 
Musk-deer  and  Elk  the  distal  extremity  coalesces  with  that  of 
the  radius ;  in  the  Rein-deer  the  shaft,  also ;  in  the  Ox  this  is  so 
confluent  as  to  be  hardly  traceable  from  the  olecranon  to  the 
styloid  extremity.  In  the  Giraffe  the  ulnar  shaft  is  interrupted 
at  its  lower  third,  but  the  distal  end  reappears,  as  the  '  styloid 
process,'  but  is  connate  with  the  distal  epiphysis  of  the  radius. 
The  radius  and  ulna  are  so  interlocked  that  the  fore-foot  is  kept 

*  prone,'  or  with  the  surface  answering  to  *  palm '  331 
turned  back  and  downward :  there  is  a  narrow  cleft 
at  the  upper  part  of  their  line  of  union,  and  some- 
times a  second  lower  down.  In  the  carpus  the  usual 
four  bones  of  the  proximal  row  remain  distinct :  in 
fig.  330,  A,  c,  4  is  *  scaphoides,'  5  lunare,  6  cuneiforme, 
7  pisiforme :  the  distal  row  consists  of  the  *  trape- 
zoides,'  a,  in  some,  and  in  all  of  the  *  magnum,'  8,  sup- 
porting the  moiety  of  the  metacarpal  answering  to  the 

*  third '  one  of  the  pentadactyle  foot,  and  the  unci- 
forme,  9,  supporting  the  moiety  answering  to  the 
^  fourth '  metacarpal.  These  metacarpals  early  coa- 
lesce into  a  single  ^  cannon-bone : '  but  a  longitudinal 
section,  as  in  fig.  331,'  shows  the  medullary  canal  of 
each  distinct,  in  MegaceroSy  as  in  most  Ruminants ; 
in  a  few,  e.g.  the  Yak  {Bos  grunniens)  the  septum 
becomes  partially  absorbed.^  Longitudinal  grooves 
at  the  fore  (fig.  330,  a,  10)  and  back  parts  of  the 
cannon-bone,  with  antero-posterior  perforations,  are 
the  outward  signs  of  the  original  separation  :  they  are  **^^''' 
most  strongly  marked  in  the  Chevrotains  ( Tragulus) ;  and  the 
severance  persists  in  the  Water-Musk  {Hgcemoschus)  as  in  the 
extinct  Dichodons,  Anoplotheres,  and  Microtheres.  Each  moiety 
of  the  cannon-bone  has  its  distinct  distal  trochlea,  fig.  331,  a,  i, 
which  is  traversed  by  a  median  ridge,  c,  from  before  backward.  To 
each  trochlea  articulates  a  proximal  phalanx,  fig.  330,  a,  11,  sup- 
porting a  middle,  12,  and  this  an  unequal  phalanx,  13,  of  a  triedral 
conical  shape,  modified  to  be  sheathed  in  a  hoof;  the  unsymmetry 
of  each  hoof  being  such  a^  to  form  a  symmetrical  pair.  They  re- 
semble the  single  hoof  of  the  horse  cleft  in  twain :  whence  the 

*  xcir.  p.  860,  DO.  1162.      '  lb.  toL  ii.  p.  628,  do.  3852. 
I  I  2 
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Ruminants  are  said  to  *  divide  the  hoof.'  In  the  Giraffe,  fig.  310, 
Antelopes,  fig.  330,  and  Deer,  fig.  311,  the  proximal  phalanx  is  longer 
than  the  next :  in  the  Ox  and  Musk-deer  the  difference  is  small : 
in  the  Chevrotains,  they  are  more  nearly  of  the  same  length.  In 
the  Giraffe,  as  in  the  Camel-tribe,  there  is  no  trace  of  other  toes: 
in  most  true  Kuminants  stunted  portions  of  them  are  suspended  to 
the  back  part  of  the  distal  end  of  the  cannon-bone,  ipirhence  dangle 
the  pair  of  *  spurious  hoofs,'  fig.  330,  b.  In  the  Bison  the  bones 
of  these  consist  in  each  of  the  middle  and  distal  phalanges :  and 
there  is  a  styliform  representative  of  the  proximal  end  of  their 
respective  metacarpals  articulated,  in  the  fore-foot,  one  to  the 
connate  trapezoid,  the  other  to  the  unciform  and  cuneiform  bones.* 
In  Deer  the  spurious  hoofs  are  supported  by  the  three  phalanges 
proper  to  the  second  and  fifth  digits,  and  by  a  styliform  distal 
end  of  their  respective  metacarpals  with  the  point  upward :  these 
hooflets  are  large  enough  in  ihe  Rein-deer,  fig.311,  to  usefuUy 
increase  the  base  of  the  *  snow-shoe,'  formed  by  its  broad  hairy 
and  homy  foot,  with  the  advantage  of  their  collapse  as  the  foot  is 
withdrawn.  The  Moschus  moschiferus  has  a  similar  bony  structure 
of  the  second  and  fifth  digits;  while  the  still  smaller  Chevro- 
tains, like  the  embryos  of  larger  Kuminants,  show  so  much  more 
of  the  generalised  foot-structure  as  is  exemplified  by  the  ex- 
tension of  the  slender  metacarpals  of  those  *  spurious  hoofs ' 
from  them  to  the  carpus. 

The  OS  innominatum  is  elongate  with  the  iliac  portion  con- 
cave lengthwise,  convex  across,  externally,  with   the    expanded 
anterior  end  divided  by  a  ridge  into  the  portions  b  and  c,   fig. 
332,  articulating  with  the  sacrum,  a,  and  rising  as  high  as,  or 
above,  the  sacral  spine:  the  portion,  c,  is  thickest  and  broadest 
in  the  heavier  Kuminants :   the  ilium  joins  the  spine  at  an  angle 
of  about   145°.      The  ischium  extends  back  from   the  acetabu- 
lum, two-thirds  or  three-fourths  the  length  of  the  ilium,   with 
the  tuberosity,  e,  bending  upward :   the  tuberosity  is  strength- 
ened in  Deer,  Antelopes,  and    Oxen   by   a  ridge,  g.      In  the 
male  Chevrotains  the  ischia  join  the  elongated  sacrum  by  ossi- 
fications of  the  sacrosciatic  ligaments,  but  in  the  females  these 
retain  their  normal  extensile  texture.      The  tendons  and   apo- 
neuroses of  the  dorso-spinal  muscles  become  more  or  less  ossified 
by  age,  and  a  thin  roof  of  bone  may  thus  overarch  the  pelvis,  as 
e.g.  in  Tragulus  javanicus,  Tr,  Kanekil,^  &c.     The  pubic8,y,  are 
slender :  they  converge  to  the  symphysis  at  an  iliopubic  angle  of 
about  135°.      The  iliopectineal   spine   is  well  marked   in  some 

>  CXL.  p.  31,  fig.  5.  «  LXXII-.  p.  581,  na  3498, 


SKELETON   OF   ARTIODACTYLA. 


485 


Deer.  In  the  Ox,  fig.  332,  the  symphysis  pubis  is  placed  ob- 
liquely, so  as  to  cause  the  anterior  pelvic  opening  to  be  longer 
than  the  posterior  one :  in  the  Deer,  fig.  333,  the  symphysis  runs 
more  parallel  with  the  sacrum.  The  acetabula  are  carried  by  the 
length  of  the  ilia  opposite  the  last  sacral  vertebra,  at  the  apex  of 
the  wide  arch  of  the  os  innominatum :  the  plane  of  the  aperture  is 
inclined  about  40"*  from  the  perpendicular.  In  the  Cow,  near  the 
period  of  parturition,  the 
ischial  tuberosities,  by  the 
relaxation  of  the  ligaments 
and  sinking  of  the  sacrum, 
become  more  protuberant 
than  at  other  times.  In 
the  Giraffe  the  posterior 
concavity  between  the 
ilium  and  ischium,  as  in 
the    Deer,    fig.    333,    is 

scarcely    interrupted    by  Peiri.  of  ox  (bo,). 

the  prominence  of  the  con- 
joined bones  above  the  acetabulum*.     The  Harderian  groove  of 
the  acetabulimi  is  wide  and  deep,  and  breaks  through  the  border 
of  that  cup. 

The  hind-limb,  fig.  330,  B,  exceeds  the  fore-limb,  ib.  A,  in 
length  in  all  Ruminants  : 
least  so  in  the  CamelidcB 
and  Giraffe,  most  so  in 
the  bounding  Deer  and 
Antelopes. 

The  femur  of  Rumi- 
nants, ib.  B,  1,  as  of  other 
Artiodactyles,  has  no  third 
trochanter;  and  the  me- 
dullary artery  enters  the 
fore  part  of  the  shaft,  us- 
ually at  the  upper  third, 
and  goes  downward  and 
backward  to  the  medullary  cavity :  the  antero-posterior  expanse 
of  the  distal  end  is  great,  especially  in  the  Giraffe :  and  the 
inner  border  of  the  rotular  channel  is  more  produced  than  in  the 
Hog-tribe,  without  developing  an  irregular  prominence  as  in  the 
Perissodactyles.  The  Camelidce  offer  the  exception  in  the  position 
of  the  foramen  and  canal  of  the  medullary  artery,  and  in  the  sub- 
equal  development  of  the  borders  of  the  rotular  channel.     The 
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more  extensive  and  favourable  attachment  of  accessory  fiwcicles. 
Each  toe  has  its  distinct  metacarpal  or  metatarsal.  The  digits, 
especially  in  the  fore-limb,  enjoy  freedom  of  motion  and  power  of 
reciprocal  approximation  and  divarication ;  the  terminal  phalanx  ii 
compressed  and  deep,  with  a  plate  of  bone  reflected  forward  from 
the  basal  periphery,  beyond  which  the  apex  of  the  phalanx  pro- 
jects like  a  peg  from  a  sheath  :  the  claw  is  fixed  upon  the  p^,  it 
base  being  firmly  wedged  into  the  interspace  between  the  p^  aD( 
the  sheath.  In  the  Felines,  which  are  the  most  perfect  cami 
vorous  Unguiculates,  the  claw  phalanx  is  retractile.  The  fore 
paw,  so  armed,  is  attached  to  the  radius  and  ulna,  which  are  entire 
distinct,  and  strong  bones :  these  articulate  with  the  humerus  b; 
a  joint,  which,  although  well  knit,  allows  both  freedom  of  motioi 
in  bending  and  extending,  and  also  a  reciprocal  play  of  the  twi 
bones,  the  radius  rotating  on  the  ulna,  and  carrying  with  it,  b; 
the  greater  expanse  of  its  lower  end,  the  paw,  which  can  thus  b 
turned  *  prone '  or  *  supine,'  whereby  its  efficacy  as  an  instrumeo 
for  seizing  and  tearing  is  enhanced.  The  humerus  has  stron 
ridges  from  the  outer  and  inner  sides  above  the  condyles  for  ei 
tending  the  origins  of  the  muscles  of  the  paw ;  and,  to  defend  tl 
main  nerve  and  artery  of  the  fore-leg  from  compression  duris 
the  action  of  these  muscles,  a  bridge  of  bone  spans  across  them  i 
the  feline,  and  some  other  Carnivora.  The  upper  end  of  tl 
•  humerus  has  a  long  and  strong  deltoid  ridge ;  but  the  tuberositii 
do  not  project  beyond  the  round  head  of  the  bone  so  as  to  impec 
its  movements  in  the  socket.  The  scapula  is  of  great  breadt! 
with  well-developed  spine,  acromion,  and  coracoid.  A  sma 
clavicular  bone  is  interposed  in  most  Carnivora  between  a  muse 
of  the  head  and  one  of  the  arm,  giving  additional  force  and  d 
termination  of  action  to  them.  Such  are  the  chief  modificatioi 
of  the  framework  of  the  unguiculate  as  contrasted  with  tl 
ungulate  Gyrencephala. 

A.  Vertebral  Column. — This  part  of  the  skeleton  of  Cam 
vora  is  modified  in  relation  to  the  medium  of  life,  degree  of  ca 
nivority,  and  modes  of  motion  of  the  species.  In  no  Camivoi 
do  cervical  vertebrae  articulate  by  ball-and-socket  joints ;  and  i 
all,  the  seventh  has  the  transverse  processes  imperforate,  consis 
ing  only  of  diapophyses.  The  Harp  Seal  (Fhoca  grcenlandia 
fig.  332)  has  15  dorsal,  d,  5  lumbar,  l,  4  sacral,  s,  and 
caudal.  Ten  pairs  of  ribs  directly  join  the  sternum,  whic 
consists  of  eight  bones :  the  manubrium,  52',  is  much  producec 
for  extending  the  fore-and-aft  origins  of  the  pectoral  muscles.  Th 
neural  arches  of  the  middle  dorsal  vertebras  are  slender,  leavinj 
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wide  intervals  of  the  neural  canal.  The  bones  of  the  neck  are 
modified  to  allow  of  great  extent  and  freedom  of  inflection.  The 
perforated  transverse  processes  of  the  third  to  the  sixth  cervicals 
inclusive  are  remarkable  for  the  distinctness  of  their  di-  and  pleur- 
apophysial  parts.  Metapophyses  are  developed  on  the  last  five 
dorsal  vertebras :  the  strong  hypapophysial  ridge  of  the  lumbar 
vertebrae  divides  into  two  tuberous  processes.  These  processes 
indicate  the  great  developement  of  the  anterior  vertebral  muscles, 
e.g.  the  '  longi  colli '  and '  psoas,'  and  relate  to  the  important  share 
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which  the  vertebras  and  muscles  of  the  trunk  take  in  the  loco- 
motion of  the  Seal-tribe,  especially  when  on  dry  land,  where  they 
shuffle  along  on  their  belly. 

In  the  Sterrink  or  Saw-toothed  Senl  {Stenorh^nchus  serridens), 
with  15  dorsal,  5  lumbar,  3  sacral,  and  11  caudal,  the  metapo- 
physes commence  as  tubercles  outside  the  prezygapophysis  on  the 
second  dorsal,  are  distinct  on  the  third  dorsal,  pass  on  the  fore 
part  of  the  diapophysis  in  the  fourth,  and  continue  rudimental  as 
far  as  the  tenth  dorsal,  on  which  they  are  well  and  distinctly 
developed ;  they  again  pass  upon  the  outside  of  the  prezygapo- 
physis in  the  eleventh  and  twelfth  dorsals,  and  so  continue 
throughout  the  lumbar,  sacral,  and  anterior  caudal  vertebras. 
The  anapophyses  are  mere  rudimental  projections  from  the  back 
part  of  the  diapophysis.  The  transverse  processes  of  the  axis  are 
more  developed  than  in  the  Phoca  grcenlandica ;  they  show  as 
distinctly  as  in  the  other  cervicals,  but  on  a  smaller  scale,  the 
pleur-  and  di-apophysial  parts  of  the  proceaB.     The  o«meal  imd 
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MustelidcB :  it  is  the  chief  organ  in  regulating  the  course  rf  tfe 
Otter  through  the  water. 

In  the  Civet  (  Viverra  civetta)  the  transverse  processes  rf  tie 
atlas  have  a  more  extensive  origin  than  in  the  Otter,  and  are  per- 
forated both  horizontally  and  vertically  by  the  vertebral  artery 
before  it  pierces  the  neural  arch.  In  the  axis  the  median  inferior 
ridge,  and  the  two  lateral  ones  continued  upon  the  transveiK 
processes,  are  longer,  deeper,  and  sharper  tiian  in  the  Ottc 
Certain  Viverrines,  e.g.  the  Palm-cats  {Paradoxurus)  have  tie 
tail  organised  for  prehension,  including  upwards  of  30  joints,  will 
haemal  arches  beneath  the  interspaces  of  the  first  eight  or  ten. 
The  prozygapophysis  of  one  lumbar  vertebra  is  received  into  the 
interspace  between  the  postzygapophysis  and  the  anapophyasot 
the  antecedent  vertebra :  this  interlocking  which  commenced  ia 
the  plantigrade  and  musteline  Camivora,  is  continued  in  the  pit- 
sent  (viverrine)  and  subsequent  families. 

Among  the  CanidcB  the  Wolf  {Cants  lupus),  has  13  dontl, 
7  lumbar,  3  sacral,  and  15  caudaL  Eight  pairs  of  ribs  articolttt 
directly  with  the  sternum,  which  consists  of  eight  bones.  Hie 
eleventh  dorsal  vertebra  is  that  towards  which  the  spines  of  die 
other  trunk-vertebrsB  converge.  Metapophyses  b^in  to  be  de 
vcloped  on  the  eighth  dorsal,  and  are  continued  to  the  foord 
lumbar  vertebra. 

The  Dog  agrees  with  the  Wolf  in  vertebral  characters. 

In  a  Fox  {Cams  rufus)  the  vertebral  formula  is  the  same, 
save  that  the  tail-joints  are  more  slender  and  numerous,  being  21 
A  few  of  the  anterior  caudal  vertebrae  have  haemapophyses :  the 
supporting  processes  or  *  hypapophyses '  are  developed  fkwn  t 
greater  number.  The  sacrum  is  remarkable  for  its  sudden  dimi- 
nution of  size,  as  compared  with  the  lumbar  vertebrae,  and  onlv 
the  first  sacral  vertebra  articulates  directly  with  the  iliac  bones. 

The  Hyaenas  have  15  dorsal  and  5  lumbar  vertebrae :  the  striped 
kind  {H.  vulgaris)  has  3  sacral  and  23  caudal:  the  spotted  kind 
{H.  erocutd)  has  4  sacral  and  but  16  or  18  caudal.  Eight  piin 
of  ribs  articulate  directly  with  the  sternum,  which  consists  of 
eight  bones.  The  transverse  processes  of  the  atlas  are  perforated 
longitudinally  and  vertically  by  the  vertebral  artery  before  this 
perforates  the  neural  arch.  The  strong  spine  of  the  axis  is  bifid 
posteriorly.  The  convergence  of  the  dorso-lumbar  spines  towards 
that  of  the  thirteenth  dorsal  is  feeble  compared  with  other  Car- 
nivora.  Anapophyses  begin  to  be  developed  on  the  thirteenth 
dorsal  and  subside  on  the  penultimate  lumbar  vertebrae. 

The  Lion  {Felis  leo,  fig.  337)  has  13  dorsal,  7  lumbar,  3  sacral. 
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and  23-25  caudal  vertebrae.  The  spine  of  the  axis  has  great 
height,  length,  and  posterior  breadth,  arching  forward  and  back- 
ward, overlapping  the  third,  of  which  the  spine  is  obsolete ;  that 
of  the  fourth  is  short  and  vertical,  indicating  a  centre  of  the  motions 
of  the  neck.  The  anterior  dorsal  spines  are  lofty  and  strong,  for 
the  origin  of  muscles  implanted  in  the  ridged  and  pitted  back 
part  of  the  skull,  whereby  the  head  can  be  raised  together  with 
the  prey  which  the  jaws  have  seized :  a  Lion  thus  draws  along 
the  carcase  of  a  Buffalo,  and  can  with  ease  raise  and  bear  off  the 
body  of  a  man.      The  eleventh  dorsal  is  that  toward  which  the 
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spines  of  the  other  trunk-vertebrae  converge:  the  anapophyses 
begin  to  project  backward  from  this  vertebra,  and  are  continued 
to  the  penultimate  lumbar.  Eight  pairs  of  ribs  directly  join  the 
sternum,  which  consists  of  eight  bones.  The  lumbar  diapophyses 
are  long  and  antroverted.  The  tail  is  the  chief  seat  of  variety 
in  the  vertebral  column  of  the  feline  group.  The  Lynx  (F. 
Lynx)  e.g.  has  the  number  of  caudal  vertebrae  reduced  to  15. 
In  a  tailless  variety  of  domestic  cat  a  stunted  mass  of  4  or  5 
coalesced  caudals  has  become  hereditary. 

The  carnivorous  unguiculate  do  not,  like  the  herbivorous  ungu- 
late Gyrencephala,  show  two  series  by  numerical  characters  of 
trunk-vertebrae ;  the  constancy  of  twenty  dorso-lumbars  is  re- 
markable and  significant :  the  exceptions  are  not  only  rare,  but 
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abnormaL  Where  the  trunk  is  lithe  and  subject  to  Tsried  aod 
agile  turns  and  bends,  the  number  of  pairs  of  free  elongate  jJcur- 
apophyses  is  small,  and  that  of  the  vertebrae  ^w^anting  themgieit; 
thus  the  springing  Cats,  the  swifb-footed  Dogs  and  Foxes,  tie 
climbing  Benturong,  have  13  dorsal  and  7  lumbar :  the  YiTerastt 
and  Mustelines  commonly  show  14  dorsal  and  6  lumbar;  the 
stiffer-trunked  Hyaenas,  Bears,  and  Seals  have  15  dorsals  lod 
5  lumbar :  and  mostly,  where  an  exceptional  excess  occurs  in  m 
of  these  groups  in  one  series  of  vertebrae,  it  is  balanced  by « 
exceptional  a  deficiency  in  the  other  series. 

B.  Skull. — In  the  Harp  Seal  {Phoca  grcenlandicd)  the  bta- 
occipital  is  a  thin  plate,  and  shows  a  vacuity  in  front  rf  tke 
foramen  magnum:  it  early  coalesces  with  the  basisphenoid :  die 
paroccipital  is  small,  subretroverted :  the  mastoid  l^ge,  swoUes* 
not  prominent.  The  frontal,  fig.  338,  n,  gives  its  larger  proportioi 
to  the  orbital  and  olfactory  chambers.  In  the  latter  the  conflneDt 
prefrontals  and  vomer  form  an  extensive  bony  septum  betweei 
the  meatuses  which  are  blocked  up  anteriorly  by  the  comiilex 
turbinals.  Both  the  tentorium  and  posterior  part  of  the  falx  iR 
ossified.  The  shallow  ^  sella '  has  overhanging  posterior  clinoid 
processes.  The  petrosal  is  perforated  by  the  entocarotid  and 
impressed  by  a  deep  transverse  cerebellar  fossa.  The  tymptoie 
forms  a  *  bulla.'  The  meatal  portion  of  the  tympanic  is  slighth 
bent  and  directs  the  external  auditory  aperture  obliquely  forwanl 
and  upward.  The  squamosal  has  a  small  cranial  plate,  g^  and  s 
g3g  large   thick    zygomatic  pro- 

cess, 27,  with  rises  at  its 
junction  with  the  malar,  », 
to  partially  define  the  orfrit 
posteriorly. 

The  seals^  like  other  ctr- 
nivora,   have    the     orbit,  e, 
incomplete  behind,  and  con- 
RkuuofaseaKPfcoca).  ^nuous   with    a   large   tem- 

poral fossa;  the  nasals,  is, 
arc  Hhort,  and  the  nostril  looks  more  or  less  upward,  in  refer- 
onoo  to  their  common  sojourn  in  water  and  the  necessity  of 
rining  to  the  surface  to  breathe.  The  condyle  is  the  hindmost 
|mrt  of  tho  inaudible. 

In  tho  (Jroy  Seal  {Halichoerus  griseus)  the  skull  is  remarkable 
for  tho  Htrui^litneHS  of  its  upper  contour  and  the  sudden  bending 
down  ol*  tho  o^uully  straight  line  formed  by  the  deep  and  narrow 
pit>nmxilliMnoik,     There  is  a  deep  depression  in  the  superoccijHtal, 
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overarched  by  a  thickly-developed  occipital  ridge ;  the  squamosal 
and  malar  rise  abruptly  at  their  junction  at  the  middle  of  the 
zygoma.  The  acoustic  bulla  receives  the  meatus  auditorius  by 
an  expanded  and  oblique  opening.  The  olfactory  fossas  contain, 
as  in  all  Seals,  large  and  complex  turbinal  bones.  The  bony 
palate  is  terminated  behind  by  a  semicircular  notch. 

In  the  Monk  Seal  {Pelagius  monachus)  the  upper  contour  of 
the  skull  presents  a  sigmoid  curve.  The  temporal  ridges  meet, 
and  form  a  low  sagittal  crest  over  the  posterior  half  of  the 
frontals  and  parietals.  The  upper  jaw  is  much  less  deep  than  in 
the  Halichcerusy  the  canines  are  relatively  larger  and  the  nasal 
bones  are  much  shorter.  The  entocarotid  canal  perforates  the 
back  part  of  the  petrosal  as  in  the  Phoca  grcenlandica  :  the  ecto- 
carotid  does  not  pierce  the  pterygoid  process. 

In  the  Sterrinks  {Stenorhynchus)  the  skull  is  longer,  more 
*  canine '  in  the  proportions  of  jaws  to  cranium,  than  in  other 
Seals.  The  malar  is  long  and  slender,  defining  the  orbit  below : 
a  lacrymal  process  of  the  maxillary  projects  from  the  anterior 
rim.  The  basis  cranii  is  long  and  narrow  in  Stenorhyncus  lept- 
onyx.  In  the  saw-toothed  Sterrink  {Stenorhynchi(f  serridens) 
the  facial  part  tapers  more  gradually  than  in  the  StenorhynchtLs 
leptonyx.  The  paroccipitals  are  small,  but  distinct.  The  pe- 
trosals are  perforated  posteriorly  for  the  entocarotids ;  the 
pterygoid  processes  are  imperforate.  The  temporal  ridges  meet 
upon  the  sagittal  suture,  but  do  not  develope  a  crista.  The  malar 
bones  are  slender,  strongly  curved,  bifurcate  posteriorly,  the 
upper  prong  rising  to  form,  with  the  zygomatic  process  of  the 
squamosal,  the  postorbital  boundary.  There  is  no  corresponding 
process  from  the  frontal.  The  antorbital  process  of  the  maxillary 
is  small,  but  distinct.  The  premaxillaries  are  narrow  and  slender, 
but  do  not  reach  the  nasals.  The  posterior  border  of  the  bony 
palate  is  terminated  by  a  deep  semi-elliptic  notch.  A  single 
superoccipital  venous  canal  opens,  in  Sten,  leptonyx^  within  the 
border  of  the  foramen  magnum.  The  basioccipital  shows  two 
depressions.  The  sella  turcica  is  very  shallow,  and  is  defined 
only  by  a  posterior  clinoid  ridge,  between  which  and  the  platform 
for  the  optic  chiasma  there  is  a  long  tract.  The  petrosals  termi- 
nate by  obtuse  subdepressed  apices.  The  foramina  lacera  anteriora 
are  of  unusual  size,  and  appear  to  include  the  foramina  rotunda : 
there  is  no  ridge  indicating  the  division  between  the  anterior  and 
middle  lobes  of  the  cerebrum.  The  rhinencephalic  fossae  are  small, 
but  deep  and  well  defined,  and  completely  divided  by  a  broad  and 
thick  crista  galli. 
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In  the  Ursine  Seal  (Arctocephalus  australis)  the  border  oi 
the  superoccipltal,  forming  the  upper  part  of  the  foramen  nu^. 
num,  shows  the  orifices  of  two  venous  sinuses.  The  posterior 
border  of  the  bony  palate  has  an  angular  notch.  The  pterygcii 
processes  are  fterced  for  the  ectocarotids.  The  frontal  develops* 
a  superorbital  plate.  The  mastoid  projects  free  of  the  tympanic 
The  olfactory  chambers  extend  backward  exterior  to  the  rhmeo- 
cephaUc  fossa. 

In  the  Hooded  Seal  (  Cystophora  cristata\  the  thin  basiocdpiul 
shows  a  small  vacuity.      The  superoccipltal  inclines  from  below 
upward  and  forward.      The  temporal  cristas  have  not  met  above 
the  parietals.     The  premaxillaries  do  not  reach  the  nasals :  they 
form  with  the  maxillaries  an  antorbital  prominence.      In  the  great 
Proboscis-Seal,  or  Se|i- Elephant   {Cystophora  proboscidea),  the 
occipital  condyles  meet  upon  the  basioccipital :    the  paroccipitals 
are  less  prominent  than  in  the  Cystophora  cristatcu     Traces  of  the 
suture  between  the  basisphenoid  and  the  basioccipital  and  between 
the  basisphenoid  and  presphenoid  long  remain.      The  entocarotid 
canals  at  the  back  part  of  the  petrosals  are  very  conspicuous: 
there  are  n^  ectocarotid  canals.      The  sagittal  crista  is  feebly  in- 
dicated, but  the  occipital  crest  is  conspicuous  for  its  great  height 
and  thickness ;  the  lower  border  of  the  superoccipltal   presents 
two  vertical  venous  perforations,  which  are  likewise  present  in  the 
Cystophora  cristata.      The  tentorium  is  less  ossified  than  in  the 
Otaria  leonina.     The  walls  of  the  cranium  formed  by  the  parietak 
are  thick  with  a  coarse  diploe :    a  very  small  proportion  of  the 
squamosals  enters  into  the  formation  of  those  walls  :    the  mastoid 
has  a  dense  structure  where  it  coalesces  with  the  base  of  the  zygo- 
matic  process.      Two   vertical  venous  sinuses   terminate   above 
the  foramen  magnum :    the  basioccipital  is  also  perforated  by  a 
similar  venous  sinus  near  its  middle  part      The  petrosal  is  ex- 
cavated by  a  deep  but  narrow  cerebellar  fossa ;    a  long  groove  or 
notch    upon   its  upper   surface  leads  to  the  meatus    auditorius 
internus:    the  petrosal  is,  as  it  were,  bent  upwards  upon  this 
groove.      The  tympanic  bulla   supports  the  under  part  of  the 
petrosal  like  a  capsule.     The  tympanic  cavity  is  divided  into  two 
chambers,  one  above  the  termination  of  the  meatus  extemus,  the 
other  beneath  and  internal  to  it.      The  carotid  canal  perforates 
the  tympanic  internal  to  this  part  of  the  chamber.     The  Eus- 
tachian groove  commences  from  the  angle  between  the  supra- 
and  infrar-meatal   divisions,  and  grows   deeper   and   wider   until 
it  forms  the  canal  at  the  fore  part  of  the  tympanic  bone.     The 
rhinencephalic   fossa  is   divided  by  a   strong   and   sharp    crista 
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galli.  The  frontal  bones  form  an  mmsuallj  ennall  proportion  of 
the  cranial  cavity:  they  are  extensively  overlapped  posteriorly 
by  the  parietals.  Besides  its  superior  size,  the  skull  of  Cysta- 
phora  proboscidea  differs  from  that  of  the  Cystophora  cristata  in 
the  form  and  proportions  of  the  palatine  bones;  the  posterior 
borders  of  which  present  three  notches ;  in  the  relatively  shorter 
extent  of  the  nasal  processes  of  the  premaxillaries ;  in  the  greater 
prominence  of  the  antorbital  processes  of  the  maxillaries ;  and  the 
absence  of  the  depression  beneath  the  antorbital  foramen.  In 
the  skull  of  a  young  Proboscis-Seal  I  have  seen  traces  of  a  suture 
partially  dividing  the  orbital  from  the  rostral  part  of  the  maxillary, 
extending  from  the  side  of  the  nasal  aperture  into  the  antorbital 
foramen :  this  incompletely  sep&rated  part  might  be  compared  with 
a  large  lacrymal,  but  there  is  no  trace  of  a  distinct  bone  or  of  any 
lacrymal  perforation. 

In  the  *  Sea-Lion'  {Otariajubata)  the  superoccipital  is  broader 
and  more  nearly  vertical  than  in  the  preceding  speoieB  of  Seal :  the 
basioccipital  is  carinate  below ;  the  paroccipitals  ftirm  an  obtuse 
angle,  but  are  less  prominent  than  the  large  mastoids.  The 
petrosals  and  tympanies  are  not  expanded  into  a  bulla  ossea,  but 
send  down  a  subcompressed  smooth  tuberosity :  the  entocarotid 
pierces  the  petrosal.  The  pterygoids  are  pierced  by  the  ccto- 
carotids.  The  bony  palate  is  very  long,  and  remarkably  concave, 
from  the  bending  down  of  its  sides :  its  posterior  border  is  trans- 
versely truncate.  The  sagittal  and  occipital  cristse  are  singularly 
elevated.  Each  frontal  sends  out  an  obtuse  process  near  its 
junction  with  the  parietal,  into  the  middle  of  the  extensive  tem- 
poral fossa,  and  each  developes  large,  horizontal,  triangular,  post- 
orbital  processes.  In  old  males,  the  parietal  also  sends  out  a 
ridge,  and  the  great  temporal  muscle  seems  thus  to  have  been 
divided  into  three  masses :  there  is  a  ridge  from  the  inner  side  of 
the  parietal,  dividing  the  middle  from  the  anterior  lobe  of  the 
cerebrum,  parallel  with  the  external  ridge  projecting  into  the 
temporal  fossa.  The  maxillaries  develope  antorbital  processes. 
The  nasals  are  short  and  broad,  and  articulate  with  the  pre- 
maxillaries as  well  as  the  maxillaries. 

The  posterior  part  of  the  falx  and  the  whole  of  the  tentorium 
are  ossified.  The  superoccipital  sinus,  commencing  by  a  common 
aperture  at  the  hinder  extremity  of  the  longitudinal  sinus,  diverges 
on  each  side  into  the  substance  of  the  exoccipitals,  and  terminates 
in  a  deep  and  wide  fossa  on  the  inner  side  of  the  condyle,  from 
which  fossa  one  canal  leads  backward  to  open  external  to  the 
condyle,  and  another  downward  and  inward  to  terminate  in  the 

VOL.  II.  K  K 


408  ANATOMY   OF   VERTEBRATES. 

foramen  jugulare.  The  bony  tentorium  terminates  anterior  to 
the  petrosal,  which  has  an  obtuse  expanded  inner  apex,  and  shows 
no  petrosal  pit.  There  is  no  Gasserian  fossa.  A  ridge  divides 
the  foramen  ovale  from  the  foramen  rotundum.  The  sella  torm 
is  broad  and  shallow :  it  is  defined  by  posterior  clinoid  processes: 
there  are  no  anterior  ones.  The  rhinencephalic  fossa  is  narrow, 
but  of  imusual  longitudinal  extent :  the  optic  nerves  traverae  a 
common  canal  of  nearly  an  inch  in  extent  before  it  divides.  The 
ascending  plates  from  the  palatine  processes  of  the  maxillary  form 
a  deep  groove  for  the  reception  of  the  vomer.  The  superior 
turbinaJs  occupy  that  part  of  the  olfactory  fossa  which  overarches 
the  rhinencephalic  chamber:  this  is  divided  by  a  'broad  crista 
gallL  A  large  oblong  vacuity  at  the  outer  and  posterior  side 
of  the  nasal  passages  between  the  frontal,  presphenoid,  pala- 
tine and  maxillary  bones,  is  closed  by  membrane  in  the  recent 
animaL  There  is  a  smaller  vacuity  in  the  corresponding  part  of 
the  skulls  of  some  other  species  of  Seals. 

In  all  Seals,  the  convex  mandibular  condyle  is  transversely  ex- 
tended, terminal,  the  border  of  the  jaw  extending  from  below  the 
condyle  forward,  and  rarely  developing  an  angle :  this  is  best 
marked  in  Phoca  groenlandica :  in  Otaria  it  seems  to  project 
just  below  the  condyle. 

The  hyoid  arch  consists  of  stylo-  epi-  and  cerato-hy als,  and  of  a 
basi-hyal  in  form  of  a  transverse  bar,  with  a  pair  of  thyro-hyals : 
the  stylo-hyals  are  attached  by  ligament  to  the  outer  side  of  the 
petrosals. 

In  the  Walrus  (  Trichecus  rosmarusy  fig.  339),  the  basioccipital 
is  subcarinate  below.  The  superoccipital,  3,  inclines  a  little  up- 
ward and  forward,  is  divided  by  a  median  crista,  and  is  bounded 
above  by  a  broad  rugged  tract.  The  venous  fossa  on  the  inner 
side  of  the  condyles  is  divided  by  a  bony  bar.  There  is  a  vride 
sphenopalatine  vacuity.  The  paroccipitals  are  broad,  but  not 
very  prominent:  the  hinder  surface  of  the  skull  is  much  ex- 
tended laterally  by  the  great  development  of  the  mastoids,  s. 
The  alisphenoid  is  excluded  from  the  parietal,  7,  by  the  junction 
of  a  small  part  of  the  frontal,  1 1,  with  the  squamosal,  27.  There 
is  no  trace  of  a  lacrymal  bone,  but  a  small  elliptical  canal  per- 
forates the  base  of  the  antorbital  process  of  the  frontal  shghtly 
upwards.  The  zygomatic  process  of  the  squamosal  is  remarkably 
thick.  The  malar  sends  up  a  lofty  postorbital  process,  but  there 
is  none  on  the  frontal :  the  maxillary,  21,  developes  a  large  but 
low  sub-bifid  antorbital  process :  it  is  perforated  by  a  large  ant- 
orbital foramen,  and  excavated  by  a  large  and  deep  socket  for  the 
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canine  tusk.  The  premaxillaries,  22^  are  minute.  There  is  a 
large  oval  vacuity  in  the  lateral  wall  of  the  posterior  nares.  The 
skull  is  singularly  expanded,  short,  obtuse,  and,  as  it  were,  trun- 
cated anteriorly ;  and,  being  constricted  between  the  orbits,  the 
upper  surface  presents  an  hour-glass  form.  The  parietes  of  the 
cranium  are  thick  and  dense,  with  a  diploe,  gradually  degene- 
rating into  a  coarse  cellular  texture,  in  the  enormous  mastoids. 
The  tentorium  is  bony,  the  sella  turcica  large  and  shallow,  with 
anterior  and  posterior  clinoid  processes,  and  the  crista  galli  is 
prominent.  The  petrosal  terminates  below  in  three  obtuse  pro- 
cesses, but  there  is  no  bulla  ossea.  The  pterygoid  process  is  per- 
forated by  the  ectocarotid.  The  bony  roof  of  the  palate  is  very 
concave  towards  the  mouth,  and  terminates  behind  by  a  broad 
biangular  notch.  The  tympanic  cavities  are  smooth,  and  almost 
hemispheric :  the  antorbital  canal  is  large :  the  nasal  fossse  con- 
tract as  they  pass  forward  to  the  vertical  external  nostril.  The 
osseous  part  of  the  septum  narium  is  formed  by  the  canaliculate 
vomer  and  the  coalesced  plates  of  the  prefrontals,  dividing  the 
posterior  halves  of  the  olfactory  chamber.  The  lateral  sinuses 
are  completely  surrounded  by  bone.  A  vein  perforates  the  back 
part  of  the  parietals  and  terminates  in  the  longitudinal  sinus. 
The  bony  tentorium  terminates  above  the  base  of  the  petrosal ;  a 
thick,  smooth  ridge  enters  the  lower  half  of  the  fissure  between 
the  anterior  and  posterior  cerebral  lobes.  A  similar  but  shorter 
ridge  from  the  inner  side  of  the  frontal  more  completely  defines 
the  rhinencephalic  chamber :  an  elliptic  foramen  leads  from  the 
lower  and  outer  comer  of  this  fossa  into  the  back  part  of  the 
orbit  between  the  orbitosphenoids  and 
frontals.  The  mandible,  32,  articulates 
by  a  thicker  condyle  than  in  true 
Seals  :  it  is  terminal :  the  feeble  angle 
slopes  forward  from  it:  the  coronoid 
is  oblique  and  rounded. 

In  the  Bear-tribe,  as  in  the  Seals, 
the  tentorium  is  ossified :  the  inter- 
parietal unites  with  and  forms  a  trian- 
gular process  of  the  superoccipital : 
the  alisphenoid  articulates  with  the 
parietal :  the  ectocarotid  pierces  the 
pterygoid  process.  There  is  no  ptery- 
goid fossa. 

In  the  European  Black  and  Brown  Bears  (  Ursus  arctos)  the 
frontal  region  of  the  skull  is  raised  and  convex.    In  the  American 
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Grisly  Bear  ( Ursus  ferox)^  the  facial  part  of  the  skull  is  re- 
latively  longer  than  in  the  Ursus  arctosy  and  the  nasal  process^ 
of  the  premaxillaries  are  much  longer,  are  more  slender,  and  «• 
ticulate  directly  with  the  anterior  processes  of  the  firontak  In 
the  Brown  Bear,  the  maxillaries  articulate  with  the  sniall  part  of 
the  nasals  and  separate  the  premaxillaries  from  the  firontak  In 
the  Polar  Bear  (  Ursus  maritimus,  fig.  340),  the  lower  extremitie 
of  the  occipital  condyles  are  united  by  a  ridge,  which,  however, 
is  less  prominent  than  in  the  Ursus  ferox.  The  precondyloid 
foramen  is  exposed.  The  superoccipital,  s,  terminates  aboye  in  a 
strong  ridge  overhanging  the  condyles.  Both  paroccipitals,  4, 
and  mastoids,  8,  are  well  developed,  but  the  latter  are  the  large 
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processes.  The  temporal  ridges,  commencing  at  the  postorbital 
processes,  converge  at  a  right  angle  and  meet  at  about  two 
inches  behind  the  orbits,  and  form  a  long  and  prominent  sagittal  I 
crest,  the  upper  border  of  which  is  straight ;  the  frontal  region  i 
is  low  and  flattened.  Within  the  cranium  the  cerebellar  fossa  is 
formed  by  the  bony  tentorium  above,  and  by  a  shorter  osseous 
ridge  below,  separating  the  cerebellum  from  the  upper  part  of  the 
medulla  oblongata.  The  conunencement  of  the  entocarotid  canal 
may  be  seen  distinct  from  the  fore  part  of  the  fossa  jugularis;  the 
petrosal  fossa  is  divided  into  two  cells  for  the  reception  of  the 
cerebellar  appendages.  The  mastoid  is  occupied  by  a  close 
diploe,  which  receives  no  air-cells  from  the  tympanic  cavitv. 
The  meatus  auditorius  terminates  obliquely  within  the  tympanic 
cavity.  A  triangular  constriction  separates  the  prosencephalic 
from  the  rhinencephalic  chamber.  The  malar,  26,  alone  forms  the 
postorbital  rising :  the  squamosal,  27,  does  not  reach  so  far ; 
it  developcs  a  low  subquadrate  cranial  plate,  ff.     The  mandible 
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developes  a  long  angular  process^  so,  which  rises  toward  the 
condyle. 

In  the  Racoon  {Procyon),  and  Coati  {Nasua),  the  entocarotid 
pierces  the  inner  border  of  the  tympanic  bulla :  there  is  no  ecto- 
carotid  canal.  The  mastoid  is  thicker  than  the  paroccipital. 
The  bony  tentorium  terminates  upon  the  petrosal  above  the 
shallow  depression  of  the  cerebellar  appendage.  The  upper  cra- 
nial parietes  are  moderately  thick  and  with  a  diploe.  In  the 
Coati  the  olfactory  chamber,  with  the  superior  turbinals,  extends 
above  the  whole  rhinencephalic  fossa,  and  forms  in  part  the 
frontal  elevation  of  the  cranial  contour.  In  the  Benturong 
{Ailurus),  the  ectocarotid  perforates  the  pterygoid,  as  in  Bears. 

The  skull  of  the  Badger  {Meles  taxus)  is  chiefly  remark- 
able for  the  closeness  with  which  the  transverse  condyles  of  the 
lower  jaw  are  grasped  by  the  borders  of  the  articular  grooves  at 
the  base  of  the  zygomatic  processes,  so  that  the  mandible  cannot 
be  disarticulated  without  some  violence.  The  lateral  sinus  termi- 
nates behind  the  glenoid  cavity,  as  in  other  Ursid€B,  and  the  sub- 
petrosal  sinus  terminates  at  the  entocondyloid  foramen.  There  is 
no  ectocarotid  canal. 

In  Batelus  the  transversely  extended  base  of  the  paroccipital 
is  applied  to  the  back  part  of  the  bulla.  In  the  Glutton  (  Gulo) 
the  cranial  cavity  is  less  expanded  posteriorly,  and  less  constricted 
anteriorly,  than  in  the  Batel.  There  is  a  smooth  articular  sur- 
face in  the  basioccipital,  but  it  is  less  distinctly  continuous  with 
the  occipital  condyles  than  in  the  Batel.  The  zygomatic  arches 
are  larger,  stronger,  and  more  curved :  the  palate  is  relatively 
broader:  both  the  paroccipital  and  the  mastoid  processes  are 
feebly  developed. 

In  the  Stoats  and  Weasels  {Putorius),  the  meatus  auditorius  is 
an  oblique  perforation  in  the  lateral  and  inferior  parietes  of  the 
skull,  directed  from  within  outward  and  forward,  and  not  pro- 
duced upon  an  auditory  process.  The  bulla  tympanica  is  very 
extensive.  The  bony  tentorium,  which  projects  rather  from  the 
upper  than  the  back  wall  of  the  cranium,  terminates  upon  the 
back  part  of  the  petrosal,  above  the  deep  circular  pit  for  the  cere- 
bellar appendage.  The  rhinencephalic  fossa  is  less  distinctly 
defined  than  in  Plantigrades  from  the  rest  of  the  cranial  cavity ; 
the  olfactory  chamber  extends  backward  both  above  and  beneath 
that  fossa,  causing  the  cranium  to  appear  dilated  at  that  part :  the 
air  must  be  filtered,  as  it  were,  through  the  complex  turbinals 
before  passing  into  the  canal  of  the  posterior  nares. 

In  the  Otter  {Lutra\  a  narrow  articular  surface  upon  the  basi- 
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not  by  the  petrosal  and  tympanic,  as  in  the  Dog.  The  tympt&K 
has  preserved  its  distinctness  in  the  ThylMine,  but  has  coalesced 
with  other  elements  of  the  temporal  bone  in  the  Dog.  A  wid« 
and  deep  groove  divides  the  buUa  from  the  basisphenoid  in  the  I 
Thylacine,  but  the  sides  of  the  basisphenoid  in  llie  Dingo  tre  | 
swollen  and  abut  against  the  large  tympanic  bullae.  The  arti- 
cular cavities  for  .the  lower  jaw  are  much  nearer  the  occiput  in 
the  Thylacine  than  in  the  Dingo,  and  the  malar  bones  enter 
partially  into  their  formation.  There  are  two  large  vacuities  in 
the  back  part  of  the  bony  palate  in  the  Thylacine,  but  this  part 
i^  entire  in  the  Dingo.  The  antorbital  foramina  are  larger  in  tht 
Thylacine,  and  much  nearer  the  orbits  than  in  the  Dingo ;  they 
are  also  formed  partly  by  the  malar,  and  are  not  wholly  per- 
forated in  the  maxillary  bone,  as  in  the  Dingo :  the  lacrymal 
bone  is  much  larger  in  the  Dingo,  and  encroaches  much  mum 
upon  the  face:  the  nasal  bones  are  broader  posteriorly  in  the 
Dingo,  and  extend  further  back,  as  compared  with  the  maxillane& 
The  petrosals  are  much  larger  in  the  Dingo,  and  send  bony  plates 
i|ito  the  tentorium,  which  plates  are  not  present  in  the  Thylacine. 
The  *chief  bony  part  of  the  tentorium  projects  from  near  the 
middle  of  the  occiput,  and  does  not  reach  the  petrosal  in  the 
wild  Dog.  The  fiella  turcica  is  defined  by  the  posterior  clinoid 
processes  in  the  Dingo,  but  not  in  the  Thylacine,  The  foramina 
optica  and  lacera  anteriora  are  blended  together  in  the  Thylacine, 
but  are  distinct  in  the  Dog.  Although  the  olfactory  chamber  L^ 
so  much  larger  in  the  Thylacine,  the  rhinencephalic  fossa  is 
smaller  than  in  the  Dog.  The  lower  jaw,  besides  its  greater 
length  and  slendemess  in  the  Thylacine,  diifers  by  the  bending  in 
of  the  angle,  which  is  the  characteristic  of  the  Marsupials.  In 
most  of  these  distinctions  the  Thylacine  manifests  its  nearer 
affinity  to  the  oviparous  type  of  skeleton. 

The  chief  distinction  between  the  wild  and  domestic  Dogs  is 
the  greater  proportional  size  of  the  cranium  to  the  face  in  the 
latter,  and  this  increases  as  the  size  of  the  variety  diminishes. 

The  affinity  of  the  Hyaena  to  the  ViverridtB  is  shown,  in  the 
skull,  by  the  broad,  triangular,  rough  plate  formed  by  the  paroc- 
cipital  and  mastoid,  and  applied  to  the  back  part  of  the  acoustic 
bulla:  but  the  pterygoid  processes  are  not  pierced  by  the  ecto- 
carotids.  The  strength  of  the  muscles  which  work  the  jaw  is 
shown  by  [the  extent  of  the  temporal  fossae,  the  height  of  the 
sagittal  crest,  the  thickness  and  the  expanse  of  the  zygomatic 
arches,  the  height  of  the  coronoid  processes,  and  the  depth  of  the 
strongly-defined  fossae  into  which  the  great  muscles  of  mastication 
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are  inserted.  The  antorbital  foramina  are  small  semilunar  slits. 
The  nasal  processes  oft  the  maxillaries  extend  further  back  than 
the  nasals. 

The  specific  character  of  the  Lion  (Felts  Leo),  as  compared 
with  the  Tiger  {Felis  Tigris),  is  shown  by  the  obtusely-pointed 
termination  of  the  nasal  process  of  the  maxillary,  and  its  ex- 
tension backward  to  the  same  transverse  line  as  that  which  the 
hinder  ends  of  the  nasals  reach.  In  the  Tiger  the  nasal  bones  are 
relatively  longer  and  extend  further  back  than  the  nasal  processes 
of  the  maxillaries,  which  are,  as  it  were,  truncated.  The  concavity 
of  the  frontal  platform  between  the  deflected  postorbital  processes 
is  narrower  than  in  the  Lion ;  the  suborbital  foramina  are  smaller. 

The  carnivorous  character  of  the  skull,  fig.  341,  as  exemplified 
by  the  sagittal,  7,  and  occipital,  s,  crests,  by  the  strength  and 
expanse  of  the  zygomatic  arches,  27,  by  the  depth  and  shortness 
of  the  jaws,  by  the  height  and  breadth  of  the  coronoid  processes, 
and  by  the  extent  of  the  muscular  fosssQ  of  the  lower  jaw,  reaches 
its  maximum  in  the  skull  of  the  old  males  of  both  these  larg^ 
Felines.  The  triangular  occipital  region  is  remarkable  for  the 
depth  and  boldness  of  the  sculpturing  of  its  outer  surface. 
The  conjoined  paroccipital,  4,  and  mastoid,  8,  form  a  broad  and 
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thick  capsular  support  for  the  back  part  of  the  acoustic  bulla. 
The  pterygoid  processes  are  imperforate.  A  well-marked  groove 
extends  on  each  side  of  the  bony  palate  from  the  posterior  to  the 
anterior  palatine  foramina.  The  premaxillaries,  22,  are  compa- 
ratively short,  and  one  half  of  the  lateral  border  of  the  nasals,  15, 
directly  articulates  with  the  maxillaries,  21. 

The  bony  tentorium  extends  above  the  petrosal  to  the  ridge 
over-hanging  the  Gasserian  fossa :  the  petrosal  is  short,  its  apex  is 
neither  notched  nor  perforated :  the  cerebellar  pit  is  very  shallow. 


506  ANATOMY   OF   VERTEBRATES. 

The  sella  turcica  is  deep^  and  well  defined  by  both  the  antem 
and  posterior  clinoids.  The  rhinencephalic  fossa  is  relatiTe!\ 
larger  than  in  most  Carnivora,  and  is  defined  by  a  well-niarke«: 
angle  of  the  inner  table  of  the  skull  from  the  prosencephalk 
compartment:  the  olfactory  chamber  extends  backward  boti 
above  and  below  the  rhinencephalic  fossa :  the  upper  part  of  tk 
chamber  is  divided  into  two  sinuses  on  each  side :  the  supoicf 
turbinals  extend  into  the  anterior  sinus^  and  below  into  the 
presphenoidal  sinus.  The  inner  surface  of  the  squamosal  is  tripar- 
tite ;  the  upper  facet  rough  for  the  broad  squamous  suture,  tbe 
anterior  and  inferior  one  smooth  and  deep  for  llie  natiform  pro- 
tuberance of  the  hemisphere,  and  the  posterior  facet  smooth  and 
undulated  where  it  is  applied  to  the  petrosal  capsule,  its  juncture 
with  which  is  effected  by  the  medium  of  the  mastoid,  which  k 
anchylosed  to  both. 

The  strengthening  of  the  cranium  in  Camivora,  in  reference  to 
the  forcible  action  of  the  muscles  attached  thereto,  is  gained  by 
the  growth  of  bone  in  the  form  of  ridges  both  from  llie  outer  W 
the  inner  surfaces  of  the  cavity.  This  is  so  completely  filled  by 
the  brain,  its  blood-vessels  and  membranes,  that  were  any  con- 
cussion conceivable  of  cerebrum  against  cerebellum  through  an 
active  bound  or  leap,  an  interposed  membrane  so  elastic  as  to  yield 
and  recover  would  best  meet  the  contingency :  to  suppose  that  a 
hard  plate  between  the  two  soft  masses  had  any  such  relation  to 
the  spring  of  the  stealthy  feline  implies  both  dull  physiological 
reasoning  and  limited  knowledge  of  the  comparative  osteology  of 
the  Carnivora:  the  commonly  ascribed  final  cause  of  the  bonv 
tentorium  of  the  Cat  is  refuted  by  the  presence  of  that  part  in  the 
plantigrade  Bears  that  do  not  move  by  bounds,  and  in  the  pin- 
nigrade  Seals  that  can  only  shuffle  along  the  ground,  and  are 
pillowed  by  the  waves  during  their  swiftest  and  most  habitual 
movements. 

The  hyoid  arch  of  Felines  consists  of  stylo-cerato-  and  basi- 
hyals,  with  the  appended  thyro-hyals.  The  stylo-hyals,  as  a  rule, 
connect  the  arch  to  the  base  of  the  skull :  but  in  the  Lion  a  long 
ligament  intervenes  between  the  stylo-  and  cerato-hyals,  allowing 
more  freedom  of  motion  to  the  base  of  tlie  tongue  and  larynx,  in 
relation  to  the  characteristic  vibratory  roar  of  the  king  of  beasts.' 

C.  Bones  of  the  Limbs, — The  general  characters  of  these  in 
the  Carnivora  have  been  defined,  and  the  principal  modifications 
determining  the  pinni-  planti-,  and  digiti-grade  modes  of  loco- 
motion are  illustrated  in  figs.  172-175,  pp.  288,  289. 

The  pinnigrades  are  pentadactyle,  and  without  trace  of  clavicle. 

'  ccxxxvi ,  ol.  vii.  p.  38. 
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The  scapula  is  broad  and  curved  backward,  the  anterior  and 
basal  borders  are  continued  in  Phoca  bj  a  bold  convex  line 
to  the  angle  terminating  the  posterior  costa,  which  is  as  strongly 
concave,  fig.  335.  In  Otaria  the  breadth  is  increased  by  the 
production  of  the  fore  part  of  the  scapula,  causing  a  dispropor- 
tionate extent  of  the  prespinal  surface,  on  which  is  a  low  acces- 
sory ridge,  anterior  to  the  true  *  spine,'  not  posterior  to  it  as  in 
Megatherium.  The  spine  is  farther  from  the  posterior  costa  in 
Trichecus.  In  all  PhocidcB  it  terminates  in  a  short  acromion. 
The  humerus  is  shorter  than  the  scapula  in  Phoca,  longer  in 
Otaria  ;  it  is  remarkable  for  the  great  development  of  the  inner 
tuberosity  and  of  the  deltoid  ridge,  which  is  deeply  excavated  on 
its  outer  side.  The  inner  condyle  is  perforated  in  Phoca,  not  in 
Otaria,  Monachus,  and  Trichecus,  The  middle  of  the  distal 
end  is  excavated  by  the  articular  trochlea ;  an  olecranal  fossa  is 
feebly  or  not  at  all  marked.  The  antibrachial  bones  are  com- 
pressed, and  firmly  united,  the  interosseous  space  being  widest  in 
Otaria:  the  olecranon  is  large  and  hatchet-shaped.  The  fore- 
part of  the  lower  half  of  the  radius  is  produced.  The  scaphoid 
and  lunar  bones  are  connate :  the  fifth  metacarpal  articulates  with 
the  cuneiform  as  well  as  with  the  unciform :  the  magnum  is  the 
least  of  the  carpals.  Although  the  pollex  or  the  first  digit  exceeds 
the  third,  fourth,  and  fifth  in  length,  it  presents  its  characteristic 
inferior  number  of  phalanges,  by  which  the  radial  border  of  the 
fin  is  rendered  more  resisting.  The  pelvic  arch  is  remarkable 
for  the  stunted  development  of  the  ilia,  and  the  great  length  of 
the  ischia  and  pubes :  the  symphysis  is  short,  and  divaricabic  in 
parturition,  as  in  the  Guinea-pig  (p.  380).  The  femur  is  equally 
peculiar  for  its  shortness  and  breadth :  its  head  has  no  pit  for  a 

*  round  ligament.'  The  tibia  and  fibula  present  the  more  usual 
proportions,  but  are  anchylosed  at  their  proximal  ends.  The 
astragalus,  fig.  173,  a,  has  its  proximal  articular  surface  in  two 
facets,  one  for  the  tibia,  b,  the  other  for  the  fibula,  m :  a  part  of 
the  bone  projects  *  proximad '  of  these  surfaces ;  and  it  is  produced 

*  distad '  to  articulate  with  the  naviculare,  s :  the  co-extended 
calcaneum,  cl,  is  applied  to  the  tibial  side  of  the  astragalus.  In 
Otaria  the  calcaneal  process  is  longer.  The  entocnneifonn,  i, 
mesocuneiform,  ectocuneiform,  c,  and  cuboides,  b,  have  the  usual 
connections.  The  bones  of  the  foot  are  much  developed,  and  arc 
modified  to  form  the  basis  of  a  large  and  powerful  fin :  in  Ptioca, 
the  middle  toe  is  the  shortest,  and  the  rest  increasi3  in  length  to 
tlie  margins  of  the  foot :  in  Otaria  and  Tricheciu  the  toes  are 
subequal  in  length.  The  long-bones  of  Seals  liaTr^  no  medullary 
cavity. 


508  ANATOMY   OF    VSBTBBBATES. 

In  the  plantigrade  Camivora  the  clavicle  is  wholly  ifVDtinz- 
In  the  Bear-tribe^  the  scapula,  fig.  336^  51^  is  remarki^le  for  b 
almost  quadrate  form,  and  for  the  strong  deTelopment  of  tke 
ridge  between  the    infraspinatus    and  teres  major,  constitatiBg 
almost  a  second  spine.     The  inner  condyle  of  the  humerus  is  imh 
perforated,  save  in  Ursus  omatus.     The  antibrachials  little,  if  u 
all,  exceed  the  humerus  in  length ;    their   shaffas  are  of  eqml 
strength.      The  scaphoid  and  lunar  bones    of  the  carpus  bve 
coalesced:  the  pisiforme  is  elongated  and   expanded  at  its  fm 
end  like  a  calcaneum.     The  fore-foot    is    5-dactyle,  the  pollei 
being  a  little  shorter  than  the  other  toes,  which  are  subequil  ii 
length ;  the  basal  sheath  of  the  ungual  phalanges  is  thickened 
and  tuberculate  below :  the  claw-bearing  part  is  long,  subcoo- 
pressed,  and  slightly  arched.     The  ilia  are  shorter,  thicker,  wui 
broader  than  in  Digitigrades :  the  ischia  are  short  and  expandci 
forming  with  the  strong  pubics  a  long  symphysis.     The  aceubuli 
are  large  and  deep;  the  ilio-pubic  angle  is   125^      The  fanurt 
T^narkable,  in  Bears,  for  its  great  length,  and  superficial  resem- 
blance   to    that    in  man;    but  its   shaft   is    relatively   thicker* 
straighter,  and  rather  flattened  from  before  backward ;  it  diffcs^ 
ab<>  in  the  more  shallow  pit  for  the  round  ligament,  in  the  gretx 
trochanter  being  longer  though  less  prominent  above,  in  the  le* 
pnycction  of  the  small  trochanter,  in  the  minor  expansion  of  tk 
distal  condyles,  and  in  the  smaller  size  of  the  rotular  channel 
The  mciluUary  ca\-ity  is  confined  to  the  middle  third  of  the  bone. 
Tho  moiluUary  artery,  which  enters  at  the   posterior  and  inner 
sklo*  bolow  the  middle  of  the  shaft,  takes  an  oblique  course  up- 
>i\anU     The  tibia  is  one-fourth  shorter  than  the  femur :  the  fibul* 
is  much  smaller  and  compressed :  but  the  medullary  cavitv  ex- 
touds  thnnigh  nearly  the  whole  of  the  shaft  of  this  slender  bone. 
In  tijj,  174^  r/  marks  the  calcaneum,  s  the  naviculare,  e  the  ecto- 
ouuoitonu*  h  the  ouboidos ;  the  astragalus  is  almost  as  broad  jl* 
lo«^.  without  a  oaloaneal  process.     The  hallux  is  rather  shorter 
than  the  other  t<H>s,  which  are  of  subequal  length,  and  form  the 
basis  of  a  bix^d  flat  foot. 

In  the  soa)uila  of  the  Racoon  {Procyon\  the  pre-  and  post- 
sjxinal  fiv^siv  are  of  equal  extent.  The  inner  condyle  of  the 
humerus  is  )H>rforateil  as  in  all  Subursines.  In  Nasua  and  Arc- 
tictiss  a  su)t)>lomeutary  ear{>al  ossicle  is  wedged  between  the  scaphiv 
Uu\ar  and  the  motaeaq>al  of  the  poUex,  external  to  the  trapezium : 
the  tarsus  shows  a  ci>rresjx>nding  ossicle  wedged  between  the 
naviculare  a*'ul  entiwuneifonn.  In  the  Racoon,  the  fibula  is 
characterised  by  three  processes  belund  its  distal  end  :  the  malle- 
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olar  process  is  very  short,  but  plays  upon  a  well-marked  articular 
surface  of  the  astragalus.  In  a  Kinkajou  ( Cercoleptes)^  I  have 
seen  the  condyle  notched  in  the  right  and  perforated  in  the  left 
humerus.  In  the  Badger  {Meles  taxus),  the  scapula  presents  a 
subquadrate  form,  crossed  diagonally  by  the  spine,  and  with  one 
angle  produced  to  form  the  glenoid  cavity :  the  coracoid  is  repre- 
sented by  a  low  tubercle :  there  is  no  inferior  ridge  or  spine.  In 
a  Ratel  {Rateius  mellivorus)^  with  a  similar  shaped  scapula,  the 
coracoid  is  sub-bifid,  and  the  acromial  tubercle  is  slightly  pro- 
duced. I  have  seen  both  humeri  perforated  between  the  condyles, 
only  the  right  one  above  the  inner  condyle.  There  is  no  medul- 
lary cavity  in  the  tibia.  The  humerus  of  My  dans  shows  both 
the  intercondylar  and  entocondylar  holes.  In  the  Glutton 
(  Gulo)y  the  scapula  is  of  a  trapezoidal  form,  equally  and  obliquely 
bisected  by  the  spine,  which  developes  a  bifid  acromion :  there  is 
a  distinct  coracoid  tubercle.  The  inner  condyle  of  the  humerus 
is  perforated.  The  deltoid  ridge  terminates  on  the  middle  of  the 
shaft.  Both  pollex  and  hallux  are  relatively  shorter  to  the  other 
toes,  in  most  Subursines,  than  in  the  true  Bears.  Besides  the 
patella,  the  fabellae  are  commonly  present  at  the  knee-joint. 

In  MustelidcB  the  acromion  is  more  distinctly  bifurcate  than  in 
SubursidcB  :  the  posteriorly  produced  plate  is  broad  in  the  Pole- 
cat {Putorius),  in  which  the  glenoid  surface  is  continued  upon  the 
coracoid  tubercle.  In  that  of  the  Otter  may  be  noticed  the 
greater  expanse  of  the  prespinal  portion  and  the  well-marked 
division  of  the  acromion,  the  broader  and  posterior  part  bending 
down,  and  the  narrow  and  anterior  one  extending  forward :  the 
coracoid  tubercle  is  rudimentary.  The  humerus  is  remarkable 
for  the  compression  of  the  shaft,  which  is  strongly  bent  forwards, 
and  for  the  continuation  of  a  ridge  from  the  deltoid  as  far  as  the 
distal  condyles.  The  inner  one  is  perforated.  The  ulna  is  much 
longer,  and  is  stronger  than  the  radius.  The  supplementary 
ossicle  answering  to  that  marked  i  in  fig.  361,  is  present  in  the 
carpus  of  both  Lutra  and  Putorius.  The  diminution  of  the 
pollex  proceeds :  that  of  the  hallux  in  a  less  degree :  the  third 
and  fourth  digits  are  the  longest  in  both  fore  and  hind  feet. 

In  the  ViverridcB  the  scapula  is  longer,  more  quadrate,  and 
more  equally  bisected  by  the  spine  than  in  Mustelidce :  the  acro- 
mion is  bifid,  but  the  divisions  are  less  distinct.  There  are  de- 
tached clavicular  styles.  The  innermost  digit  is  relatively  shorter 
than  the  rest  in  both  fore  and  hind  feet,  taking  no  share  in  the 
support  of  the  body.  In  Mangusta  tetradactyla  the  pollex  is 
absent.      In  the  Civet,  and  Cynogale,  the  humerus   is  pierced 
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l)Ctwccii  the  condyles,  bat  not,  or  rarel j,  aboTe  the  inner  cosdjle. 
In  the  Genet,  the  hamems  ebowB  tiie  entooondTlmr,  but  not  the 
intercondyUr  hole.  In  the  femur  a  ridge  extends  from  the  <nat 
trochanter  more  than  half-wmy  down  tbe  shaft  of  the  bon&  b 
the  Ichneumon  {Manffusia\  the  uf^ier  oontour  of  the  sc^ula  b 
sliRhtly  sigmoid,  very  conTez  anteriorlj,  and  the  prespiml  » 
larger  than  the  postspinal  fossa.  The  acrtmuon  is  bifid.  The 
humerus  is  pierced  both  between  the  eondjles  and  above  Ae 
inner  condyle.  The  supplementary  ossicle  at  the  radial  »dei/ 
the  oar|>us  is  present  in  most  ViverridcR.  Its  homotvpe  exists  b 
iho  tarsus  of  Cynogale  and  Bassaris.  The  halluz  is  wanting  n 
U^h  Mantfftsta  penicillata  and  M.  tetradactyla. 

In  iho  CanidtB  tlie  scapulas,  and  especially  the  limb4M>nes,  arc 
K^^g^r  and  more  slender,  relatively,  than  in  the  forgoing  ct^ 
iii»m>us  (aiuilica.  There  are  davicular  styles.  The  humem? 
ka»  ihe  intorot>ndylar  vacuity,  not  the  entocondylar  perforatioiL 
IV  |H\llox  is  reduced  to  the  *  dew-claw '  appendage ;  and,  b 
f  \*iiw  }wtn$s  to  a  metacarpal  style,  which  is  concealed.  The  uIm 
ain!  ra«)iu$  aro  cK^oly  and  extensively  united :  swift  course  is  the 
oha^'aou^ristio  t>f  the  present  digitigrade  family.  The  slender 
l5h«U  ol^v*olv  adheres  to  the  lower  half  of  the  tibia.  The  haUux 
i*  \\\huN\i  to  a  minuto  beginning  of  the  metatarsal.  The  acces- 
^>;r\  ^^av^va^  iv^moIo  and  the  fabellae  are  present. 

\n  tho  Uy<cntu  the  humerus  is  usually  pierced  between  the 
AM^v^VxWi  it  is  thicker  in  proportion  to  its  length  than  in  the 
W^x  )^U  is  w^xro  Wnt  and  twisted :  the  same  characters  mark 
iW  ^>j^iu>s  aud  ulna,  whioh  arc  still  shorter  in  proportion  than  in 
« W  \V>i\  Tho  iv^Uox  is  roiluced  to  a  rudiment  of  its  metacarpal 
U  iv<  ^?'^  V  '(•'^•^'^  1^  ^'^^^^^^  -^^  marks  the  '  scapholunar '  common 
esN  ^>^x^  ^N^^)^us  ^^f  all  Cfimmyra^  c  is  the  cuneiforme,  p  the  pi^i- 
t;\^Wi^ ;  f  t)^)V9ium«  fi  tnn>c«i>ides,  m  magniun,  and  u  uncifonne. 
ll^v  <;^^««\  ^>  w^^MV  iNMnpressdl  antero-posteriorly  than  in  the  Dog, 
i^v^i  Ow  M\\aU  tiwhautor  is  more  jx^sterior  in  position.  The  neck 
>^  ^^>VikV>\  *>>*J  <ho  head  of  the  l>one  larger  :  there  is  a  fabelU  be- 
>i>n>;  A'^i^)^  ,sM^tU  1^  The  tibia  is  shorter  than  the  femur :  the  rotular 
v'NivV  >*  )i^^^  jviwhuwl  than  in  the  Dog.  The  fibula  is  less  flat- 
fs^iN\  iki  u>  K^Mvr  halt\  and  more  indei>endent  of  the  tibia  than  in 
rV  ^\k.  ''^^<^  outxvunoitonn  supjx^rts  a  rudiment  of  the  meta- 
^  *-„v  ,M  iW  h!^Uu\,  as  in  the  IXig :  the  calcaneal  process  is  shorter 

\j  i\N5^tv,v«  bsixo  the  clavicular  bone  s.  The  humerus  per- 
v^^^v.  ^V>v  1 W  inner  ei>ndylo,  but  not  between  the  condyles.  In 
As  if^NV^  V^  -^^"*  *>^^  i^ui«tfiuual  fossa  of  the  scapula,  51,  is  less 
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deep  than  the  infraspinal  one,  and  its  border  is  almost  uniformly 
convex :  the  acromion  is  bifid,  the  recurved  point  being  little 
larger  than  the  extremity  or  anterior  point.  A  supplementary 
ossicle  is  wedged  in  the  interspace  between  the  prominent  end  of 
the  scapho-lunar  bone  and  the  proximal  end  of  tiie  metacarpal  of 
the  pollex.  The  ilia,  fig.  342,  c,  are  long  and  narrow,  but  thick ; 
placed  so  obliquely  upon  the  vertebr®,  a,  as  to  form  an  angle  of 
about  155°  with  the  lumbar  series :  the  ischia,  e,  are  also  long 
and  directed  on  the  same  antero-posterior  plane :  the  length, 
ridged  strength,  and  great  obliquity  of  the  *  innominate '  bone, 
afford    powerful     attach-  ^^^ 

ment  and  advantageous 
leverage  to  the  muscles 
acting  upon  the  hind 
limbs.  The  boundary  of 
the  ischiatic  notch  is  fee- 
bly marked  at  ff.  The 
pubis  is  short,  but  the 
ischio-pubic  symphysis,/, 
is  long:  the  ilio- pubic 
angle  is  120°  in  the  Lion. 
The  posterior  exceeds  the 

.  .    .  ,1    .     •  PelTlt  of  the  Lion,  Bidfl  Tlew. 

anterior  pelvic  outlet   in 

size.     The  os  penis  exists  in  all  Carnivora,  and  is  remarkably 

developed  in  Bears  and  Seals. 

The  pollex,  in  the  Felines,  is  retained  on  the  fore-foot,  and,  like 
the  other  toes,  is  terminated  by  a  large,  compressed,  retractile 
ungual  phalanx,  forming  a  deep  sheath  for  the  firm  attachment  of 
the  large  curved  and  sharp-pointed  claws.  This  highly-developed 
unguiculate  structure,  with  the  dental  system  and  concomitant 
modifications  of  the  skull,  completes  the  predatory  character  of 
the  typical  Carnivora. 

§  190.  Skeleton  of  Quadrumana. — The  Quadrumana  combine 
the  opposable  thumb  in  the  hind  limb  with  complete  clavicles, 
and  a  greater  relative  capacity  of  cranium  than  in  foregoing 
Gyrencephala.  The  orbits  are  turned  more  forward,  have  the 
bony  rim  entire,  and  in  most  of  the  order  are  partitioned  off  by 
bone  from  the  temporal  fossa.  In  no  Quadrumane  is  the  hyoid 
arch  complete,  or  articulated  by  bone  to  the  basis  cranii. 

To  the  Quadrumana  the  transition  is,  not  from  the  6ryr-,  but 
from  the  Liss^  encephala.  For  promoting  the  Colugos  to  the 
Lemurs  the  grounds  are  almost  as  good  as  for  degrading  them  to 
the  Bats.     It  has  required  a  thorough  knowledge  of  the  structure 
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of  the  Aye-aye  to  gain  a  majority  against  keeping  Chfiroa^ 
amongst  the  mice.  The  singular  group  of  Leniiiridse^  which,  frot 
the  superior  brain-development,  especially  the  posterior  extenaoi 
of  the  cerebrum  over  the  cerebellum,  I  associate  with  the  Gym- 
cephala,^  and  by  the  hinder  thumb  with  the  QucLdrumanay  oflb 
great  diversity  in  dentition  and  minor  characters. 

A.  Vertebral  Column. — All  Quadrumana  have  the  seven  ce. 
vical  vertebrae.  In  the  Lemurine  or  Strepsirrhime  group  tk 
following  are  the  numbers  of  the  other  vertebrae : — 


Galeopitkecus 
Taraiut  spectrum    . 
Cheiromya  madagnscarierntis 
PerodicticuM  Potto  . 
StCHopM  tardigradui 

„       gracilis      . 
Otoiicnus  Pelt 

M  crassicaudatus 

Lichanotus  Indri  . 
Tarsius  spectrum  . 
Lemur  .... 


i>                    L                       8  0 

13  or  14  6  or  7  3  or  4  18  or  19 

13  6  2  or  3  29  or  30 

13  6  2  or  3  22  or  S3 

15  or  16  6  or  7  2  or  3  19  or  20 

16  8  3  7  or   8 

14  or  15  9  3  5  or   6 
13  7  3  23 

13  6  3  27 

12  or  13  8  or  9  4  10  or  11 

13  6  3  29or30 
13  6  2  or  3  28  or  29 


The  majority,  including  the  type-form,  of  the  LemuridiB  tiiui 
have  19  dorso-lumbar  vertebrae:  the  slow  nocturnal  species  have 
longer  and  less  flexible  trunks,  appro^hing  in  the  number  ^ 
dorso-lumbars — 24 — to  the  vertebral  characters  of  the  lissenoe- 
phalous   Sloths.      The  tail  is,  as  usual,  the  seat  of  the  greatest 
diversity ;  the  slow  lemurs,  again,  in  the  shortness  of  this  terminil 
appendage,  recal  a  bradypodal  character.      In  Stenops  gracilu  a 
metapophysial  tubercle  is  developed  on  each  of  the  twelve  anterior 
dorsals :  on  the  thirteenth  it  takes  the  place  of  the  diapophysis, 
and  in  the  fourteenth  extends  forward,  and  offers  an  articular  sur- 
face for  the  outer  side  of  the  postzygapophysis :  it  has  the  same 
disposition  in  the  lumbar  series,  where  the  diapophyses  are  serial 
repetitions  of  the  base  supporting  the  anchylosed  rib  in  the  first 
lumbar  vertebra.      The  succeeding  lumbars  slightly  decrease  in 
size  as  they  approach  the  sacrum.      No  centre  of  motion  of  the 
trunk  is  indicated  by  the  direction  of  the  dorso-lumbar  neural 
spines.      In  the  more  active  and  flexible-bodied  LemuHdct  the 
trunk-vertebrae  resemble  in  proportions,  connections,  and  direc- 
tion of  neural  spines  those  of  the  agile  Carnivora.      In  Lemur 

>  Sec  cr,  p.  8,  pL  xi.  figs.  6,  7.  The  extension  of  the  cerebellum  over  more 
or  less  of  the  cerebrum  is  the  primary  and  more  constant  character  of  the  groap 
called,  from  the  secondary  character  of  convolutions,  •  Gyrencephala.'  The  smooth 
brain  of  the  small  Monkey  (^Midas  ruftmanus)  is  figured  in  lxiv*.  to  illostrate  such 
primary  character.  To  bo  consistent,  Mr,  Murray  would  have  to  remove  the  Mar- 
mosets as  well  as  the  Galagos  to  the  Insectivora;  ci.*  pp.  9  and  10. 
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nigrifons  the  metapophysis  begins  to  be  developed  in  the  middle 
dorsal  vertebrse,  and,  in  the  tenth,  projects  above,  but  distinct 
from,  the  diapophysis.  In  the  eleventh  the  diapophyses  have 
disappeared,  and  the  metapophysis  is  on  the  outside  of  the  prozyg- 
apophysis.  From  this  vertebra  a  well-marked  anapophysis  is 
developed,  which  is  continued  from  all  the  succeeding  vertebrae. 
The  diapophysis  reappears  upon  the  first  lumbar,  and  increases 
in  length  and  breadth  as  the  other  lumbar  vertebrae  approach  the 
sacrum.  The  centre  of  motion  of  the  back  is  indicated  by  the 
vertical  spiae  of  the  tenth  dorsal  vertebra,  towards  which  those  of 
the  other  dorsal  and  of  the  lumbar  vertebrae  incline.   ' 


343 


Skeleton  of  the  Ayfr«ye.   (Ck«iromif«  mada^tucariwMi*.)    B.    Hand  of  Fotta 


In  the  Aye-aye  (  Cheiromys),  fig.  343,  the  true  vertebrae  describe 
one  slight  curve  convex  backward  from  the  middle  dorsal  to  the 
penultimate  lumbar,  beyond  which  there  is  a  slight  bend  in  the 
opposite  direction  to  and  including  the  sacrum.  The  bodies  of 
the  dorsal  vertebrae  gradually  lengthen  and  deepen  as  they  ap- 
proach the  loins,  with  a  narrower  and  at  last  almost  carinate 
under  surface.  The  diapophysis,  longest  on  the  first  dorsal,  very 
gradually  shortens  to  the  eleventh,  where  the  beginnings  of  the 
metapophysis  and  anapophysis  are  manifest.  These  processes 
become  widely  separated  in  the  twelfth  and  thirteenth  dorsals, 
and  the  diapophysis  is  lost.  The  neural  spines  are  of  equal  length 
throughout  the  dorsal  series.    The  vertical  one  is  on  the  eleventh 
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dorsal5  towards  which  the  rest  of  the  dorso-lambar  series  digbtlj 
incline. 

The  vertebne  go  on  increasing  in  size   to   the  fifth  of  de 
lumbar  8erie85 — the  diapophyses  more  especiallj^  which  reeoo- 
mence  in  the  first  lumbar;  these  processes  are  directed  forward 
and  downward5  as  well  as  outward^  are  truncate,  with  the  anteiiur 
angle  a  little  produced ;  that  of  the  last  lumbar  is  similar  in  shape 
and  direction^  but  is  smaller  than  the  two  preceding.     The  ana- 
pophysis  overlaps  the  front  margin  of  the  following  vertebn  to 
the  fifth  lumbar,  in  which  it  becomes  too  short ;  it  4psappean  in 
the  sixth.     The   metapophysis  overhangs  the   back  part  rftht 
neural  arch  of  the  preceding  vertebra.     The    neural  spine  de- 
creases from  the  third  to  the  last  lumbar,  where  it  has  3  lines 
of  length.     The  last  two  ribs  join  their  own  centrum  close  to  the 
front  intervertebral  space ;  the  rest  have  the  usual  intervertebral 
articulation  of  the  head.     The  first  rib  is  the  shortest  (9  Ibes) 
and  thickest ;   the   others  increase  in  length  to  the  ninth,  and 
then  gradually  shorten  to  the  thirteenth,  which  is  1   inch  3  hues 
in  length.     The  tubercle   and  diapophysial  articulation  exist  to 
the  eleventh  rib ;  the  twelfth  and  thirteenth  articulate  only  by 
the  head.     The  first  cartilage  articulates  with  the  manubrimn, 
the   second   to  the  seventh  inclusive  with   the  joints  of  seyen 
stemebers,  the  eighth  with  the  seventh,  and  the  ninth  to  the  joint 
between  the  seventh  and  eighth  stemeber. 

The  bodies  of  the  cervical  vertebrae  are  broad,  short,  and 
flattened  below  in  the  last  five.  The  last  three  have  no  neural 
spines :  there  are  tubercular  beginnings  of  these  in  the  fourth 
and  third ;  in  the  second  it  is  2  lines  long,  thick,  and  produced 
anteriorly ;  in  the  atlas  it  is  as  a  small  tubercle.  The  seventh 
cervical  has  a  simple  slender  diapophysis,  2  lines  in  length ;  in 
the  sixth  it  coalesces  with  the  tubercle  of  a  short  pleurapophysis, 
also  confluent  by  the  head  with  the  centrum,  and  projecting 
outward,  backward,  and  downward,  with  an  obtuse  end.  The 
vertebral  artery,  in  its  forward  course,  enters  the  canal  between 
the  pleur-  and  di-apophyses.  The  pleurapophysis  simply  com- 
pletes that  bony  canal  in  the  fifth  cervical,  making  a  short  an- 
gular projection  outward  and  forward  in  the  fifth,  fourth,  and 
third  cervicals.  The  low  flat  neural  arch  is  narrowest  in  the  fifth. 
The  shape  and  disposition  of  the  zygapophyses  give  an  imbricate 
character  to  the  union  of  tiiose  arches  in  the  last  six  cervicals. 
The  body  of  the  axis  is  carinate  below ;  that  of  the  atlas  has 
the  usual  state  of  an  *  odontoid  process;'  the  hypapophysial  bar 
uniting  with  the  neurapophysial  pillars  or  crura  of  the  atlas  is 
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carinate.  Besides  the  wide  canak  for  the  vertebral  arteries  in 
k  the  '  transverse  processes '  of  the  atlasj  the  neural  arch  is  perfo- 
.\  rated  above  the  base  of  that  process  on  each  side  for  the  passage 
^   of  a  nerve. 

{  In  the  short-tailed  Indri  {Lichanotus  Indri\  the  atlas  has  a 
i  short  hypapophysis^  but  no  neural  spine :  the  transverse  process 
[  is  moderately  long  and  broad^  and  is  perforated  lengthwise  and 
J  vertically  by  the  vertebral  artery,  which  afterwards  pierces  the 
i  neural  arch.  The  transverse  process  is  perforated  in  all  the 
J  other  cervical  vertebrae:  the  pleurapophysial  portion  of  that  of 
the  sixth  forms  a  broad  lamella  directed  downward  and  out^ 
ward.  Each  of  these  cervicals  has  its  hypapophysial  ridge  and 
neural  spine,  the  latter  moderately  long  and  slightly  increasing  to 
the  seventh.  The  broad  neural  arch  is  fissured  behind.  The 
spines  of  the  dorsal  vertebrae  are  continued  of  equal  length 
throughout  that  region,  and  have  the  same  direction.  The  dorsal 
diapophyses  support  each  a  mctapophysial  tubercle,  which  aug- 
ments as  they  diminish,  and  seems  to  take  their  place  in  the 
eleventh  and  twelfth  vertebrae,  the  ribs  of  which  have  no  tubercle. 
In  the  twelfth  dorsal  the  metapophysis  projects  from  above  the 
prozygapophysis,  and  is  continued  backward  upon  a  well-deve- 
loped anapophysis,  which  commences  at  once  in  that  vertebra, 
and  continues  to  be  developed,  although  decreasing  in  length, 
to  the  penultimate  lumbar  inclusive.  The  metapophyses,  which 
are  prominent  in  the  anterior  lumbar  vertebrae,  gradually  subside 
as  these  approach  the  sacrum.  The  diapophysis  has  a  low  rough 
tubercle  on  the  first  lumbar,  which  is  developed  into  a  depressed 
plate  increasing  in  length  and  breadth  as  the  succeeding  lumbars 
approach  the  sacrum.  As  in  the  true  Lemurs,  eight  pairs  of  ribs 
directly  join  the  sternum,  which  consists  of  seven  bones  and  an 
ensiform  cartilage. 

Nineteen  is  the  usual  number  of  dorso-lumbar  vertebrae  in  the 
Platyrrhine  group,  the  Spider-monkeys  {Ateles)  offering  the  ex- 
ception of  eighteen,  viz.  D  14,  l  4 :  the  varieties  which  have  been 
formulised  in  the  type-genus  Cebus  are  due  to  freedom  or  con- 
fluence of  pleurapophyses,  as  e.g.  d  12,  L  7,  Cebus  hypoleucus ; 
D  13,  L  6,  C,  capucinus ;  D  u,  L  5,  in  most  Capuchins.  The  tail 
is  long  in  all,  and  prehensile  in  most  Flatyrrhines ;  it  rarely 
has  so  few  as  18  {Callithrix  sciureus  and  C.  Spixii),  usually 
30  vertebrae,  or  upwards,  as  in  Ateles  paniscus,  which  has  33 
caudals. 

In  the  little  Ouistiti  {Hapale  Jacchus\  the  accessory  tubercle 
appears  upon  the  middle  dorsal  vertebra ;  it  divides  into  met-  and 
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anapophyses  on  the  tenth  dorsal,  where  a  diapophysial  prommeat 
still  articulates  with  the  tubercle  of  the  rib.  The  diapophja 
disappears  in  the  succeeding  dorsals  in  which  the  met-  and  uh 
apophyses  become  distinct  and  remote,  with  progressive  increase 
of  size.  The  diapophysis  reappears  in  the  first  lumbar  as  a  shw 
depressed  process,  and  increases  in  length  and  breadth  to  4e 
penultimate  lumbar.  In  this  vertebra  the  anapophysis  becciinei 
much  shorter,  and  almost  disappears  in  the  last  lumbar.  The 
transverse  process  of  the  atlas  is  perforated  lengthwise  and  Ter- 
tically  by  the  vertebral  artery,  and  the  neural  arch  is  perforated. 
The  bodies  of  the  succeeding  cervicals  are  produced  posteriorij 
into  a  convex  prominence  which  fits  into  a  concavity  on  the  fore 
part  of  the  centrum  behind.  Eight  pairs  of  ribs  directly  arti- 
culate with  the  sternum,  which  consists  of  seven  bones. 

In  the  Capuchin  (  Cebus  capucinus)^  the  tubercles  representing 
met-  and  an-apophyses  project  distinctly,  the  one  from  the  fore 
part,  the  other  from  the  back  part,  of  the  diapophysis  of  the  fifth 
dorsal :  they  progressively  increase  in  size,  and  become  quite  dis- 
tinct in  the  thirteenth  dorsal,  in  which  the  metapophysis  has 
risen  upon  the  anterior  zygapophysis.  The  anapophyses  continue 
to  be  developed  to  the  penultimate  lumbar.  The  diapophyses 
progressively  increase  in  length  from  the  first  to  the  last  lunqjbar 
vertebras.  Haemal  arches  are  articulated  to  the  inferior  inter- 
spaces of  the  six  anterior  caudals,  and  are  supported  by  distinct 
hypapophyses  from  the  fourth  caudal,  which  processes  continue 
to  be  developed  after  the  haemapophyses  have  ceased  to  be  so. 
Nine  pairs  of  ribs  articulate  directly  with  the  sternum,  which 
consists  of  seven  bones  and  an  ensiform  cartilage. 

In  the  black  Spider-monkey  {Ateles  niger)y  the  tuberosity 
above  the  dorsal  diapophyses  becomes  a  ridge  in  the  eleventh 
dorsal,  and  is  produced  forward  into  an  angular  metapophysis: 
in  the  thirteenth  dorsal  it  is  produced  to  the  same  extent  back- 
ward into  an  anapophysis:  in  the  fourteenth  dorsal  these  pro- 
cesses are  distinct  and  well-developed,  but  the  diapophysis  has 
disappeared.  The  anapophysis  is  developed  from  the  first  and 
second  lumbar  vertebrae,  and  the  diapophysis  from  all  the  lum- 
bars,  progressively  increasing  to  the  penultimate  one.  A  pair  of 
hypapophyses  begin  to  be  developed  from  the  fifth  caudal,  and 
increase  in  size  in  the  sixth  and  seventh.  The  hsemal  arch  is 
anchylosed  to  these  processes  in  the  eighth  and  ninth  caudals, 
but  the  hypapophyses  continue  to  be  developed,  without  the 
addition  of  that  arch,  throughout  the  succeeding  caudal  vertebrae. 
The  anterior  zygapophyses  disappear  in  the  ninth  caudal^  but  the 
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;  metapophyges  which  support  them  in  the  preceding  caudals 
L  continue  to  be  developed  to  near  the  end  of  the  taiL  The 
diapophyses  are  single  on  each  side  in  the  seven  anterior 
caud^9  hut  are  divided  into  an  anterior  and  posterior  portion 
on  each  side  of  the  vertebne  throughout  the  rest  of  the  tail. 
The  third  to  the  sixth  cervical  vertebrae  inclusive  show  an 
anterior  concavity  and  a  posterior  convexity  of  the  articular  ends 
of  the  centrums  in  the  transverse  direction,  an  anterior  convexity 
and  posterior  concavity  in  the  vertical  direction,  producing  an 
interlocking  joint,  combining  strength  with  freedom  of  motion, 
and  analogous  to  that  in  the  neck  of  birds.  The  pleurapophysial 
part  of  each  transverse  process  is  a  broad  depressed  plate,  with  its 
anterior  margin  produced,  and  progressively  increasing  in  size 
from  the  third  to  the  sixth  vertebra.  A  similar  increase  is  pre- 
sented by  the  neural  spines,  especially  in  the  sixth  vertebra.  As 
in  the  Capuchins,  the  transverse  process  of  the  atlas  of  the 
Spider-monkeys  is  perforated  lengthwise  only  by  the  vertebral 
artery,  which  afterwards  perforates  the  neural  arch.  The  atlas 
has  a  hypapophysial  ridge,  and  the  axis  shows  a  corresponding 
tubercle.  Nine  pairs  of  ribs  articulate  directly  with  the  sternum, 
which  consists  of  eight  bones  and  an  ensiform  cartilage. 

The  vertebral  column  of  the  Platyrrbine  Quadrumana  is  the 
seat  of  greater  and  more  important  varieties:  the  caudal  por- 
tion is  reduced  to  a  stunted  *  coccyx,'  the  lumbar  region  is 
shortened  and  strengthened,  and  the  sternum  is  composed  of 
fewer  and  broader  bones  in  the  Apes  properly  so  called.  In  the 
Monkeys  and  Baboons,  the  dorso-lumbar  vertebrae  are  nineteen 
in  number  as  a  rule,  either  d  is,  L  6,  or  d  12,  l  7.  The  latter  is 
the  common  formula  in  the  Macacques  :  the  caudals  varying  from 
upwards  of  20  in  Macacus  radiatus  to  15  in  Jl/.  rhesus y  and  being 
reduced  to  3  or  4  in  M  inuus.  In  the  Baboons  (  Cynocephalus)^ 
the  caudals  also  vary  from  25  in  (7.  porcarius  to  10  very  small 
and  stunted  vertebrae  in  the  Mandril  (  C  papio,  fig.  344).  In  this, 
as  in  the  Black-faced  Drill  (  C.  porcarius)  and  Thoth  (  C  Thoth), 
the  dorso-lumbar  vertebrae  are  reduced  to  D  12,  L  6.  An  an- 
apophysial  tubercle  is  developed  from  the  diapophysis  of  each 
dorsal  vertebra,  increasing  in  length  to  the  two  last,  in  which  it 
has  an  independent  origin.  The  metapophysis  is  suddenly  de- 
veloped from  the  tenth  dorsal,  and  presents  an  articular  surface 
to  a  second  facet  on  the  outer  side  of  the  hinder  zygapophysis  of 
the  vertebra  in  front.  The  anapophyses  continue  to  be  develoi)ed 
from  all  the  lumbar  vertebrae,  progressively  decreasing  as  these 
approach  the  sacrum,  and  appearing  in  the  last  as  a  mere  ridge 
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on  ihe  upper  part  of  the  baae  of  the  diapophysis.  Tlie  homot^  1 
ridge  may  be  recognised  on  the  firist  sacral  vertebra.  There  ^ 
rudttneota  of  hypa^pophysea  on  the  middle  caudal  verteW 
Seven  pairs  of  riba  articulate  with  the  sternum,  wliich  congbti* 
Beveu  bones  and  an  ensiforin  cartilage*  The  transverse  jinjcei  I 
of  the  atlas  is  perforated  leuirthwise  and  vertically  by  the  verte- 
bral artery;  wlach  afterwards  pierces  the  neural  arch  :  the  neuni 
spine  is  repr^ented  by  a  small  tubercle^  luid  there  is  a  hypapo^ 
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Mandrm.   iPapU  Maimm:^   Lxur. 

physial  ridge.  The  centrum  of  the  axis  is  much  produced  back- 
ward, underlapping  that  of  the  third  vertebra:  this  character  is 
gradually  lost  in  the  succeeding  vertebras :  the  transverse  process 
of  the  axis  ends  in  two  tubercles.  The  lower  (pleurapophysial) 
division  of  the  process  is  compressed  in  the  third  cervical,  and  be- 
comes developed  into  a  plate,  progressively  increasing,  and  dis- 
proportionately  so  in  the  sixth  cerv-ical :  it  is  absent  in  the 
^^Tf"  J^'''''^^*'  ^^^  transverse  process  of  which  is,  however, 
still  perforated  by  the  vertebral  artery.     The  neural  spines  are 
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simple,  and  increase  in  length  from  the  third  to  the  seventh 
cervicals.  Those  of  the  dorsal  vertebne  are  longer  and  stronger, 
but  diminish  in  length  as  they  approach  the  loins :  that  of  the 
tenth  indicates  the  centre  of  motion  of  the  trunk. 

In  the  Fig-tailed  Macacque  {Macacus  nemestrinus)^  the  atlas 
has  a  strong  hypapophysis,  but  no  neural  spine  or  tubercle :  the 
transverse  process  is  perforated  obliquely.  The  back  part  of 
the  centrum  of  the  axis  is  much  produced ;  that  of  the  third  cer- 
vical is  less  produced.  The  spine  of  the  axis  is  long  and  bent 
backward.  A  pleurapophysial  plate  extends  obliquely  from  the 
transverse  processes  of  the  third,  fourth,  and  fifth  cervicals,  and 
projects  downward  and  outward  as  a  distinct  broad  plate  from 
that  of  the  sixth  vertebra.  The  long  and  simple  transverse  pro- 
cess of  the  seventh  is  not  perforated  by  the  vertebral  artery. 
Metapophysial  tubercles  are  developed  upon  the  diapophyscs  of 
the  second  and  succeeding  dorsal  vertebrae,  increasing  in  distinct- 
ness and  size  to  the  tenth :  in  the  eleventh  the  anapophyses 
become  separate  processes,  and  the  metapophyses  develope  a  facet 
for  the  accessory  articular  surface  of  the  posterior  zygapophysis 
of  the  tenth  vertebra.  This  additional  interlocking  is  continued 
to  the  antepenultimate  lumbar,  the  joint  being  further  strength- 
ei\ed  by  the  underlapping  of  the  long  anapophyses :  these  dis- 
appear in  the  last  lumbar.  The  diapophysis  is  a  rudimental 
ridge  in  the  last  dorsal,  but  becomes  a  distinct  depressed  sharp 
plate  in  the  first  lumbar,  and  progressively  increases  in  size  with 
an  antroverted  direction  in  the  succeeding  lumbar  vertebras. 
Eight  pairs  of  ribs  articulate  directly  with  the  sternum,  which 
consists  of  eight  bones  and  an  ensiform  cartilage. 

The  Doucs  ( Colobus,  Nasalis,  Semnopithecus)  have  commonly 
T)  12,  L  7 :  but  sometimes  D  is,  L  6  (5.  melalophis).  In  Semno- 
pithecus  Entellusy  the  cervical  transverse  processes  incline  down- 
ward :  their  pleurapophysial  divisions  from  the  second  to  the  sixth 
increase  ;  but  this  part  is  wanting  in  the  seventh,  and  the  trans- 
verse process  is  imperforate.  The  accessory  tubercle  is  well 
developed  on  the  diapophysis  of  the  ninth  and  tenth  dorsals  ;  the 
diapophysial  part  disappears  on  the  eleventh  and  twelfth  dorsals, 
in  which  the  accessory  tubercle  becomes  divided  into  well-marked 
met-  and  an-apophyscs.  The  diapophysis  reappears  on  the  first 
lumbar,  and  progressively  increases  to  the  antepenultimate  one. 
The  metapophysis  exists  as  an  elongated  tubercle  outside  the 
prozygapophysis  from  the  eleventh  dorsal  to  the  last  lumbar, 
and  the  anapophysis  is  present  from  the  tenth  dorsal  to  the  sixth 
lumbar..     The  hsemal  arch  is  present  in  a  few  of  the  anterior 
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caadal  vertebrae.  Seven  pairs  of  ribs  directly  miUcolaAe  vidi  dc 
Btemum,  which  consistd  of  six  bones,  slender  as  in  all  prenutf 
Quadrumana, 

In  the  Gibbons,  with  D  13,  the  lombar  Tertebre  are  5,  siTe  is 
H9/lahate$  syndactyluSy  fig.  189,  where  they  are  rednced  to  4.    Is 
the  Silvery  Gibbon  {H.  leuciscus),  the  transverse  process  of  4e 
atlas  is  only  perforated  lengthwise  and  the  neural  ardi  grooTcd 
by  the  vertebral  artery.     A  pleurapophysial  part  of  die  tnas- 
verse  process  begins  to  project  forward  on  the  fifth  cervicaL  ind 
becomes  a  distinct  and  larger  depressed  plate  on  the  sixth :  ^ 
transverse  process  of  the  seventh  is  a  simple  diapophvsis,  and  n 
imperforate.     The  metapophysis  and  anapophysis  beccnne  distiDCt 
in  the  twelfth  dorsal,  and  diverge  from  each  other  with  incre^e 
of  size  in  the  thirteenth.      The  anapophysis    disappears  in  die 
lumbar  vertebra;,  whilst  the  diapophysis  reappears  and  the  met- 
apophysis is  retained.     The  interlocking  joints,  common  to  tke 
preceding   Quadrumana   with    Camivora,    here    and    hencefoitk 
cease.     Seven  pairs  of  ribs  directly  join  the  sternum,  which  «»- 
sists  of  the  manubrium,  the  body,  which  consists  of  two  or  mow 
anchylosed  broad  and  flat  bones,  and  a  slender  bonv  base  of  tbe 
*  ensiform  cartilage.'     Two  pairs  of  ribs,  and  part  of  a  third  piir, 
articulate  with  the  manubrium. 

In  the  Siamang  (//.  syndactylusy  fig.  189),  the  last  dorsal  shows 
well  the  separate  diapophyses,  metapophyses,  anapophvses    inJ 
zygapophyses,  more  particularly  the  distinction   between  the  t»- 
terior  zygapophysis  and  the  now  superadded  metapophvsis.     The 
diapophyses  are  broad  depressed  plates,  progressively' incremsin*: 
in  the  first  three  lumbar,  whilst  the  anapophyses  dliminish  and 
disapjiear  on  the  tliird  lumbar.     The  metapophysis  recedes  from 
the  anterior  zygai)(>physis  in  the  last  lumbar,  and  becomes  quite 
distinct  from  it  in  the  first  sacral,  in  which,  nevertheless,  the  ar- 
ticular surface  of  the  zygapophysis  has  a  nearly  vertical  position. 
The  sacrum,  by  its  greater  breadth  and  the  number  of  vertebne 
forming  it,  indicates  the  nearer  affinity  of  the « Siamang,  than  of 
other  Gibbons,  to  the  Orangs. 

In  the  Orang-utan  {Pitltecus  Satt/rus),  the  vertebral  formula 
is: — 7  cervical,  12  dorsal,  4  or  5  lumbar,  5  or  6  sacral,  2  or  3 
caudal.  The  transverse  process  of  the  atlas  is  bituberculate,  and 
is  perforated  lengthwise  by  the  vertebral  artery,  which  afterwards 
grooves  the  neural  arch :  there  is  a  low  hypapophysial  tubercle, 
but  no  neural  8i)ine.  The  transverse  process  of  the  axis  is  deeply 
grooved,  but  not  jMjrforatcd;  consisting  almost  entirely  of  the 
pleurapophysial  jwrtion.     In  the  third  vertebra  the  two  [X)rtions 
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agf  the  transverse  process  are  united,  external  to  the  perforation  hy 
he  vertebral  artery.  In  the  fourth  cervical  the  pleurapophysial 
}^jmxt  projects  distinctly  below  the  diapophysial  part,  and  progres- 
Q^Tely  diverges  in  the  fifth  and  sixth,  increasing  in  size,  especially 
^^Ji  the  latter,  without,  however,  acquiring  that  antero-posterior 
if'ybreadth  which  gives  it  the  lamelliform  character  in  the  inferior 

*  2  apes.     The  transverse  process  of  the  seventh  cervical  consists 
^^  of  the  diapophysis  only,  and  is  grooved  below,  not  perforated,  by 

"  the  vertebral  artery.     The  distinct  nature  of  the  equally  simple 

-  transverse  process  in  the  second  and  seventh  cervical  vertebrae  of 

this  Orang  is  well  shown  by  their  different  relative  positions  to 

the  groove  with  which  the  vertebral  artery  has  impressed  them. 

The   neural  spine   of  the  axis  is  bifurcate;    that  of  the  third 

*  cervical  is  simple,  long,  and  slender;   those  of  the  succeeding 
cervicals  are  still  longer,  and  progressively  increase  in  thickness 

'  as  well  as  length.  The  metapopbysis  appears  as  a  tubercle  near 
^  the  base  of  the  anterior  zygapophysis  of  the  twelfth  dorsal :  it  is 
equally  distinct  on  the  first  lumbar,  but  subsides  to  a  slight  emi- 
nence on  the  succeeding  lumbar  vertebrae.  The  anapophysis  is 
only  distinguishable  from  the  diapophysis  upon  the  first  lumbar 
vertebra ;  it  is  not  so  developed  as  to  interlock,  but  serves  to  illus- 
trate the  relation  of  the  diapophysis  of  that  vertebra  to  those  of 
the  antecedent  dorsals  and  the  succeeding  lumbars.  The  spine  of 
the  third  dorsal  has  an  anterior  and  posterior  prominence:  the 
succeeding  spines  gradually  diminish  in  length,  but  increase  in 
breadth  and  antero-posterior  extent  to  the  penultimate  lumbar. 
Seven  pairs  of  ribs  directly  articulate  with  the  broad  sternum, 
which  consists  of  the  manubrium  and  four  pairs  of  ossicles,  the  two 
lower  pairs  of  which  have  coalesced.  The  manubrium  is  relatively 
shorter  than  in  the  Gibbons,  and  receives  only  the  first  and  part 
of  the  second  pairs  of  ribs.  As  a  rule,  the  number  of  dorso- 
lumbar  vertebrae,  in  Pithecus,  is  16:  that  of  the  sac^o-caudal 
vertebrae  8.  The  first  rib  is  less  curved,  and  describes  a  smaller 
portion  of  a  circle  than  in  Man  :  its  head  is  relatively  larger,  and 
is  supported  on  a  shorter  neck :  it  has  an  epiphysis,  as  in  Man. 
The  distal  portion  is  relatively  less  expanded  than  in  Man.  The 
other  ribs  chiefly  differ  in  their  more  compressed  form  and  their 
more  gradual  and  equable  curvature. 

In  the  Chimpanzee  {Troglodytes  nigery  fig.  345),  the  vertebral 
formula  is: — ^  cervical,  13  dorsal,  3  or  4  lumbar,  5  or  6  sacral, 
and  2  or  3  caudal.  The  pleurapophysial  portion  of  the  transverse 
process  of  the  atlas  is  shorter  than  in  the  Orang,  and  has  not 
united  with  the  longer  diapophysial  division :  the  canal  for  the 
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vertebral  artery  is  thus  not  quite  circumscribed  by  bene: 
artery  afterwards  pierces  the  neural  arch  on  the  left  lide,  all 
deeply  grooves  it  on  the  right  side.     The  two  portioiiicfife| 
transverse  process  of  the  axis  have  coalesced^  and  form  a  ik\ 
tubercle  externally,  surrounding  the  vertebral  artery :  this  tubatkl 

increases  in  breadth  in  the  third,  ail 
in  length  in  the  fourth ;  in  the  fittil 
sends  a  distinct  tubercle  from  it8loi«| 
part,  and  the  answerable  part  fonmal 
antroverted,  obtuse^  broad  prooaikl 
the  sixth.     The  pleurapophysial  ^l 
ment   is  wanting  in  the   seventk,  eI 
which  the  diapophysis  is  deeply  gnNrrttI 
below  for  the  vertebral  artery.   Tkl 
spines  of  the  4 — 7  cervicals  areksej 
and  simple.     A  metapophysis  mijltl 
distinguished    in    the     eleventh  ut\ 
twelfth  dorsals,  which  becomes  disdml 
from  the  diapophysis  in  the  thirteentk,  I 
and  projects  from  the  outside  of  the 
prozygapophysis  in  all  the  lumbar  yer- 
tebrse.     The  diapophyses  are  longcfi  I 
in   the  first  and  second  lumbars,  vt ' 
shortest  in  the  third,  and  are  augmen- ' 
ted  in  the  fourth  by  the  developement 
of  a  thick  anapophysis  at  their  back 
part,  which  here  articulates  with  the 
first  sacral  vertebra.     In  old  males  the 
fourth  lumbar  becomes  the  first  sacnd 
by  a  more  complete  coalescence.  Seren 
pairs  of  ribs  directly  join  the  sternum, 
which  consists  of  five  fiat  bones  and 
an  ensiform  part :  the  fourth  and  fifth 
bones    have    coalesced:     the    manu- 
brium, as  in  the  Orangs,  is  the  broad- 
est, and  receives  the  first  pair  and  part 
of  the  second  pair  of  ribs.      These  are 
shorter,    and    their    neck     relatively 
longer  than  in  the  Orange  and  they 
are  more  curved.     The  thirteenth  rib 
retains  a  distinct  articular  tubercle  and  neck. 

In   the    Gorilla  (^Troglodytes    Gorilla^   fig.  346),    the  dorso- 
lumbar  vertebrae,  as  in  the  Chimpanzee,  are  17  in  niunber,  the 
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r  thirteenth  dorsal  answering  to  the  first  lumbar  in  Man^  with  the 

^•leurapophyses  retained  as  distinct  elements.     The  bodies  of  the 

.  ^ddle  dorsal  vertebne  346 

p^ure  shorter  in  propor- 
.ion  to  their  breadth; 

^the     diapophyses    are 

-thicker^  stand  more  di- 

-  rectly  outward^  and  the 
costal  surfaces  are 
more  concave  and  ob- 
long than  in  Man ;  the 

.  metapophysis5     which 

*  projects    distinctly    in 
'  the  eleventh  vertebra 

*  in  Man,  does  not  so 
^  appear  until  the  twelfth 
^  in  the  Gorilla.  In  the 
»  first  dorsal  the  diapo- 
'-■  physis  projects  directly 
»  outward;  the  propor- 
I    tionatc  increase  of  the 

*  centrum  is  greater  than 
'     in   Man;    the    neural 

spine  is  less  obliquely 
bent  backward,  and  is 
thicker  antero-posteri- 
orly,  though  not  lon- 
ger; the  anterior  zyga- 
pophyses  are  more  pro- 
duced; the  diapophyses 
are  broader  and  some- 
what shorter.  In  the 
eleventh  dorsal  the 
neural  spine  is  much 
expanded  at  its  extre- 
mity. In  the  twelfth, 
there  are  distinct  and 
well-developed  meta- 
pophyses,  projecting 
from  the  fore  part  of 
the  diapophyses,  and 
overhanging  the  ante- 
rior zygapophyses:   this  vertebra  corresponds  in  this  character 
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with  the  eleventh  of  the  Human  subject.     The  neural  spae  J 
broader  and  thicker,  especially  superiorly;  there  isbntoneettiil 
surface  on  each  side ;  the  diapophyses   are  reduced  in  size,  41 
metapophyses  equalling  them,  the  body  and  neural  spine  haoA 
ing.     The  thoracic  ribs  are  longer  and  thicker,  more  0(mTex«| 
their  inner  side,  with  the  subcostal  groove  not  defined,  exoe^'il 
two  or  three  of  the  longest  ribs  near  their  vertebral  end ;  the  oril 
is  shorter  and  thicker  than  in  Man ;  the  longest  rib  is  onefootfotl 
inches  in  length, — that  of  the  longest  rib  in  an  average-sized  na I 
being  thirteen  inches.  The  manubrium  stemi  is  much  broader^] 
in  Man  (fig.  183),  and  less  deeply  excavated  for  the  claTides;^! 
three  or  four  stemebers  which  coalesce  to  form  the  '  body '  of  &e| 
breast-bone  have  a  like  character.     The  cervical  vertebrae  ( 
most  from  the  Human  in  the  extraordinary  length  of  the  spue  I 
of  the  last  five  vertebrae ;  that  of  the  fourth  cervical  is  not  lea  I 
than  three  inches  and  a  half;  the  spines  of  the  Bixth  and  seTentk 
cervicals  gradually  decrease  in  length  and  increase  in  thickness:  | 
the  spine  of  the  dentata  is  trihedral,  the  surfaces  being  divided  1 
by  produced  sharp  ridges :  the  canal  for  the  vertebral  artery  de- 
creases in  diameter  from  the  sixth  forward  to  the    atlas.    The ' 
bodies  of  these  vertebrae  are  longer  in  proportion  to  their  breadtk 
than  in  Man,  and  the  lower  (pleurapophysial)  part  of  the  trans- 
verse process  of  the  sixth  is  more  suddenly  increased  in  lengti 
and  breadth,  and  diverges  more  from  the  upper  division  of  the 
same  process.     The  atlas  is  narrower  than  in  Man^  with  a  wider 
neural  canal,  especially  between  the  condyles,  which  are  smaller 
than  in  Man.     An  obtuse  process  is  developed  backward  from 
the  part  representing  the  body,  which  is  broader  than  in  Man; 
the  perforation  of  the  transverse  process  is  smaller,  and  that  pro- 
cess is  narrower,   especially  vertically;    the  groove    behind  the 
upper  articular  processes  is  deeper  and  narrower.      The  axis  or 
dentata  differs  chiefly  in  the  greater  size  of  the  neural  canal,  and 
in  the  greater  length  and  less  breadth  of  the  neural  spine ;  the 
zygapophyses   are   smaller,   the   transverse   processes    are   more 
directly  perforated  by  the  arterial  foramina,  and  the  diapophyses 
are  more  produced. 

In  the  first  lumbar  vertebra,  fig.  346,  2,  the  metapophysis  is 
still  large  and  distinct ;  the  anterior  zygapophysis  becomes  more 
convex  and  oblique  in  position  ;  the  diapophysis  is  suddenly  elon- 
gated, as  compared  with  that  of  the  corresponding  (second) 
Human  lumbar  vertebra ;  the  chief  difference  is  seen  in  the 
smaller  size  of  the  neural  canal  which  relates  to  the  inferior 
developement  of  tlie   lower  extremities.     The  same   difference 
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^jbtains  in  the  second  (s,  answering  to  the  third  Human)  lumbar 
'^i^ertebra ;  the  diapophyses  are  broader  and  more  depressed  in  the 
^Gk>rilla ;  a  fossa  divides  the  anterior  zygapophysis  from  the  meta- 

*  dP^pbys^  r  the  centrum  is  as  broad  as  in  Man^  but  is  deeper  and 
^onger ;  the  neural  spine  extends  more  obliquely  backward^  and 

^,its  expanded  apex  is  bifid.     In  the  third  lumbar  vertebra,  4,  the 
^  difference  is  very  striking  in  the  minor  expanse  of  the  centrum 
^  in  the  Gorilla,  especially  behind,  in  the  much  smaller  and  more 
^  depressed  form  of  the  neural  canal,  in  the  shorter  and  broader 
^    diapophysis,  the  more  distinct  metapophysis,  in  the  convex  an- 
terior and  more  approximated  posterior  zygapophyses,  and  in  the 
^  greater  length  of  the  centrum.     In  old  males  this   vertebra  is 
included  by  the  ilia.     The  whole  series  of  true  vertebrae  in  the 
Gorilla  form  but  one  curvature,  which  is  slightly  concave  forward, 
especially  in  the  dorsal  region. 

The  sacrum  departs  in  a  greater  and  more  instructive  degree 
'  from  the  Human  type ;  it  consists  of  five  or  six  anchylosed 
"^    vertebrae,  but  they  are  longer  and  narrower  than  in  Man,  and 

•  present  a  very  slight  curve,  with  the  concavity  forward;  the 
neural  foramina  are  much  smaller,  the  neural  spines  much  more 
developed,  and  coalesce  to  form  a  single  strong  bony  ridge,  ex- 
tended over  and  gradually  subsiding  on  the  last  sacral  vertebra, 
the  neural  arch  of  which  is  entire ;  the  first  sacral  vertebra,  ib.  5, 
answers  to  the  fifth  lumbar  in  Man ;  the  zygapophyses  are 
smaller,  but  the  metapophyses  are  present  and  well  developed. 
The  posterior  outlets  for  the  sacral  nerves  are  very  small,  and 
the  whole  neural  canal  is  much  more  contracted  than  in  Man. 

B.  The  Skull. — The  skull  of  the  Aye-aye,  fig.  343,  in  com- 
parison witli  that  of  lower  mammals  of  simikr  size,  is  remarkable 
for  the  large  proportion  of  the  cranium  to  the  face,  and  the 
extreme  shortness  of  the  latter  in  advance  of  the  orbits.  Its 
profile  contour,  from  the  upper  border  of  the  foramen  magnum, 
curves  rapidly  from  the  occipital  to  the  parietal  region,  and  is 
continued  with  a  bold  convexity  to  the  root  of  the  nose,  whence 
it  slopes  straight  to  the  nostril.  The  cranium  is  still  more  con- 
vex transversely ;  it  expands  a  little  in  advance  of  the  lambdoid 
ridge,  and  gradually,  but  very  slightly,  contracts  to  the  post- 
orbital  processes ;  these,  meeting  with  the  malars,  complete  the 
rim  of  the  orbit,  which  opens  widely  beneath  that  part  of  the 
frame  into  the  temporal  fossa. 

In  the  complete  circumscription  of  the  rim  of  the  bony  orbit 
Chiromys  exemplifies  its  quadrumanous  affinity ;  whilst  it  shows 
the  special  family  to  which  in  that  order  it  belongs  by  the 
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defioiency  of  the  wall  partitioning  the  orbital  £rom  the  toBpRil 
cavity.  The  Lemurs^  in  this  defect^  indicate  the  tranffltiontioil 
lower  unguiculate  Mammaliay  the  Galeopithecus,  fig.  253,  oiBftl 
the  last  step  by  the  incompleteness  of  the  orbital  franiMi^l 
behind.  The  outlook  of  the  orbits,  in  the  Aye-aye,  oblkjoebl 
forward,  upward,  and  outward,  but  least  so  in  the  last  direcUil 
differs  significantly  from  the  direct  outward  aspect  of  tlMeeHl 
defined  cavities  in  most  Rodents. 

The  basioccipital  extends  to  the  fore  part  of  the  large  tympoKl 
buUse,  to  abut  against  which  its  margins  are  slightly  prodQeetl 
The  occipital  condyles  are  long  and  narrow-  The  plane  of  tkl 
foramen  magnum  forms  with  the  basioccipital  an  angle  of  w\ 
its  aspect  being  downward  and  backward.  The  paroccipitalktl 
low  eminence,  and  the  mastoid  in  front  of  it  is  hardly  morepn.! 
minent;  neither  process  extends  freely  downward.  The  super- [ 
occipital,  ib.  3,  is  a  thin  plate  moulded  on  the  middle  and  latcdl 
lobes  of  the  cerebellum,  and  showing  outwardly  their  respectml 
prominences.  The  petrosal  is  impressed  by  the  pit  for  the  cm- 1 
bellar  appendage. 

There  is  a  small  triangular  interparietaL     The  basisphenoidiil 
expanded  by  a  large  sinus,  and  coalesces  with  the  presphenoii  I 
The  alisphenoid  developes  the   ectopterygoid    ridge,   exteii&igl 
from  between  the  squamosal  and  tympanic  to  the  outer  side  of  ^  I 
entopterygoid ;  both  plates  are  imperforate.    The  natiform  proUi- 
berances  form  deep  depressions  in  the  alisphenoid,  on  each  ade ' 
the  flat  square  platform  of  the  cranial  surface  of  the  basisphenind, 
in  the  middle  of  which  is  the  subcircular  pituitary  pit.    There  ire 
no  clinoid  processes.     The  alisphenoids  join  the  parietals,  which 
contribute  the  greatest  share  to  the  formation  of  the  calvarium. 
The  tympanic,  coalescing  with  the  petrosal,  is,  together  with  thit 
element,  expanded  into  an  oval  bulla  on   each   side  the  baa- 
sphenoid.     The  parietals,  7,  impressed  from  within  to  transparent 
thinness  by  the  longitudinal  convolutions  of  the  cerebrum,  do  not 
exceed  half  a  line  in  thickness  elsewhere. 

The  coronal  suture  crosses  the  cranium  transversely  three  lines 
behind  the  postorbitals :  the  frontal  suture  remains,  as  in  other 
LemuridcB,  and,  like  the  sagittal,  it  is  a  harmonia.  The  fore  part 
of  the  frontals,  ii,  project  a  little  between  the  origin  of  the  nasals, 
and  also  between  the  nasals  and  maxillaries ;  they  then  join  the 
lacrymals,  form  the  upper  half  of  the  inner  wall  of  the  orbit,  and 
unite  behind  with  the  orbitosphenoid,  alisphenoid,  and  parietal 
The  rhinencephalic  fossa  is  subcircular  and  large :  the  median 
septum  is  produced  into  a  '  crista  galli.'     The  frontal  sinuses  give 
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no  outward  Indication,  but  are  extensive ;  they  are  divided  f5pom 
each  other  by  a  median  bony  septum ;  each  division  communi- 
cates with  the  nasal  chamber  by  a  median  orifice  and  by  a  lateral 
one  with  the  antrum.  The  nasals,  15,  join  above  with  the  frontals 
and  at  the  sides  with  the  premaxillaries,  22.  The  presphenoid  is 
short,  smooth  on  the  under  surface,  and  concave  there  trans- 
versely. The  vomer  quickly  assumes  the  form  of  a  vertical  plate, 
with  the  free  hind  border  concave.  The  palatines  form  the 
hinder  third  of  the  bony  palate ;  the  suture  of  each  with  the 
maxillary  is  slightly  convex  forward  :  they  are  divided  from  the 
inner  alveolar  wall  of  the  last  two  molars  by  a  groove  which 
deepens  into  a  fissure,  bounded  beyond  the  last  molar  by  the 
pterygoid.  The  maxillary  forms  more  than  the  middle  third  of 
the  palate,  leaving  the  smallest  share  of  the  roof  of  the  mouth  to 
the  premaxillary.  The  facial  plate  of  the  maxillary,  si,  extends  by 
a  narrow  produced  apex  to  the  lacrymal,  7S,  but  is  excluded  from 
the  frontal  by  the  junction  of  the  lacrymal  with  the  premaxillary ; 
it  is  perforated  by  a  small  antorbital  foramen.  The  premaxillaries 
constitute  a  larger  share  of  the  facial  wall,  rising  as  high  as  the 
nasals,  between  which  and  the  maxillaries  they  interpose  a  broad 
plate,  circumscribing,  with  the  nasals,  the  external  nostril.  The 
socket  of  the  incisor  curves  upward  and  backward  to  the  max- 
illary, in  which  it  is  continued  to  beneath  the  orbit.  The  malar 
bone,  26,  is  long  and  deep,  especially  below  the  orbit,  of  which  it 
forms  the  lower  half;  and  where  it  bends  outward  to  expand  that 
cavity,  it  unites  with  the  lacrymal  and  extensively  with  the  max- 
illary anteriorly,  and  bifurcates  behind, — the  narrower  branch 
mounting  to  the  postorbital,  the  broader  one  continuing  back- 
ward to  the  squamosal,  27.  This  essentially  facial  or  maxillary 
element  is  anchylosed  not  only  with  the  mastoid  and  petrosal,  but 
also  with  the  tympanic ;  its  cranial  plate  terminates  by  a  convex 
border  overlapping  the  contiguous  borders  of  the  alisphenoid  and 
parietal.  The  articular  surface  for  the  mandible  is  broad  and 
fiiat,  save  where  its  inner  border  bends  down  upon  the  side  of  the 
petro-tympanic  bulla.  There  is  no  ridge  behind  it  to  prevent  the 
free  movements  of  the  mandible  backward  and  forward,  accom- 
panying the  rodent  action  of  the  great  scalpriform  incisors:  in 
this  the  Aye-aye  differs  from  other  /.^emuridcB. 

The  mandible,  32,  is  short  and  deep :  each  ramus  is  compressed 
and  straight ;  they  converge  at  an  acute  angle  to  a  short  ligament- 
ous symphysis.  The  condyle  is  sessile,  narrow,  rather  long,  convex 
both  across  and  lengthwise,  and  the  latter  most  so,  looking  back- 
ward and  upward,  and  placed  on  the  level  of  the  grinding-teeth. 
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The  thin  borders  of  the  ascending  ramus  direrge  fran  tlie  con- 
dyle as  they  pass,  the  one  downward  and  inward  to  the  bwix^. 
and  the  other  forward  and  upward  to  the  better-marked  and  men 
advanced  coronoid,  the  obtuse  end  of  which  is  nearer  the  lifi 
molar  than  the  condyle.  A  slight  ridge  above  the  angle  booni 
the  surface  for  muscular  insertion  behind  ;  and  here  the  tDgiei$ 
a  little  inflected. 

In  the  Woolly  Lemur  {Lichanotus  laniger,  fig.  1 77 ),  the  cmriina 
has  a  short  paroccipital  and  a  shorter  mastoid  process  whid: 
coalesces  with  the  base  of  a  large  petro-tympanic  bulla.  Tke 
squamosal  is  perforated  by  a  venous  foramen  anterior  to  tl( 
auditory  meatus.  The  malar  extends  backward  almost  to  tk 
glenoid  cavity,  which,  as  in  following  LemuridcRy  is  defended  kj 
a  posterior  ridge.  The  large  orbits  reduce  the  intervening  pm 
of  the  frontal  to  a  narrow  channel.  The  premaxillaries  ire 
divided  anteriorly  by  an  angular  cleft  separating  in  the  suk 
degree  the  anterior  or  mid-incisors  from  each  other.  The  lower 
jaw  is  remarkable  for  the  great  production  of  its  broad  la: 
rounded  angle :  the  back  part  of  its  symphysis  is  also  produced. 
In  Stenops  gracilisy  and  especially  in  Tarsius  spectrumy  de 
most  remarkable  feature  in  the  cranium  is  the  expanded  frame  ^ 
the  orbits,  which  are  closely  approximated  above  the  nasal  bones. 
These  overhang  the  premaxillaries,  the  most  produced  part  ot 
which  forms  the  lower  boundary  of  the  external  nostril,  fnic 
which,  in  the  Slender  Lemur,  the  premaxillaries  slope  downwtni 
and  backward  to  the  incisive  alveolL  The  temporal  ridges  iw 
widely  separated  along  the  upper  part  of  the  globular  cranium, 
where  the  coronal  and  fronto-sagittal  sutures  intersect  each  other 

at  right  angles.  As  in  die 
Aye-aye  and  most  LrmMr- 
idcBy  the  cranial  sutures  ire 
*  harmonise.' 

In  the  Slow  Lemur  (S/e- 
nops  tardigradus),  the  orbit* 
are  less  closely  approximate 
than  in  the  Stenops  pracilis. 
and  the  anterior  surface  of 
the  small  premaxillaries  i^ 
more  nearly  verticaL  The 
vomer  divides  the  nostrils  to  their  posterior  apertures. 

In  the  Potto  {Perodicticus,  fig.  347),  as  in  other  Slow  LfCmnr* 
(Stenops),  the  cranial  expansion  behind  the  meatus  auditorius 
forms  one-third  the  length  of  the  skull,  owing  to  the  great  pn>- 
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portional  size  of  the  occipital  and  mastoid.     The  interorbital  space 
is  broader  than  in  Stenops  tardigradus. 

In  the  true  Lemurs  the  facial  part  of  the  skull  is  more  pro- 
duced; it  is  formed  by  the  lacrymals,  nasals,  and  maxillaries; 
the  premaxillaries  continuing  very  minute.  In  Lemur  Macaco 
the  petrosal  has  a  large  and  deep  cerebellar  fossa :  a  short  ten- 
torial ridge  projects  anterior  to  this.  There  is  a  low  postclinoid 
ridge.  The  lateral  sinus  pierces  the  petrosal  where  it  joins  the 
parietal  and  meets  a  second  venous  channel  traversing  the  middle 
fossa  of  the  cranium  to  terminate  at  the  postglenoid  foramen. 
The  foramen  ovale  is  a  small  fissure  between  the  petrosal  and 
alisphenoid,  less  than  the  foramen  rotundum,  which  is  close  to 
the  foramen  lacerum  anterius :  the  outlet  of  the  foramen  ovale 
is  in  the  Eustachian  fossa. 

The  grey  Lemur  ( Chirogaleus  griseus^  fig.  348)  has  the  more 
common  abbreviation  of  the  antorbital  ,  g 

part  of  the  skull,  in  which  the  lacry- 
mal  foramen  is  conspicuous.  The 
malar  is  perforated  by  the  *nervus 
subcutaneus  malse.'  The  coronoid  pro- 
cess of  the  mandible,  well  developed 
in  all  LemuridcBy  is  here  very  high. 

The  anterior  comua  of  the  hyoid, 

y-,.     .  J      .1  r  •  jf  0"^  Lemur,    lxix*. 

in  Cheiromys  and  other  Lemur idcR^  are 

longer  than  the  posterior,  and  include  epi-  and  cerato-hyals,  sup- 
porting a  cartilaginous  stylo-hyal. 

In  the  Platyrrhines  the  cranium  is  proportionally  larger  and 
the  jaws  less,  as  the  species  are  smaUer  in  size :  they  thus  ex- 
emplify the  immature  characters  of  the  larger  species.  The 
cranium  is  more  globular,  the  occiput  more  protuberant,  the 
*  foramen  magnum '  more  advanced  in  position,  and  with  a  more 
downward  aspect,  in  the  Marmosets  (Jacchus),  and  Ouistitis  or 
Ti-tis  (  CaUithrix),  than  in  the  Howlers  (Mycetes).  The  frontal 
suture  is  obliterated  in  all,  and  the  single  bone,  thence  resulting, 
is  triangular  with  the  apex  extending  back,  between  the  parietals, 
in  some  Capucins  {Cebus)  as  far  as  the  superoccipital  (fig.  239, 
Cebus) :  thus  repeating  a  piscine  collocation  of  supra-cranial 
bones.      The  entocarotid  perforates  the  back  part  of  the  petrosal. 

In  all  Platyrrhines  a  division  of  the  lateral  cerebral  venous 
sinus  excavates  the  base  of  the  petrosal  to  terminate  at  the  post- 
glenoid fossa,  as  in  most  Lemurs :  the  malar  is  similarly  per- 
forated by  a  facial  nerve :  the  plate  which  divides  the  orbital 
from  the  temporal  fossa  exhibits  a  small  unossified  vacuity  in 
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most  Platyrrhines.*      The  petrosal  has  a  deep  cerebdlir  depB.) 
The  postclinoid  plate  is  more  developed,  the  rfameDce|iib| 
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fossa  is  smaller,  and  the  orbital  walls  project  more  into  the  cnBtj 
cavity  than  in  the  Strepsirrhines.  The  Iacr3rmal  is  not  extaQa| 
upon  the  face,  and  the  foramen  is  within  the  orbit. 

In  Callithrix  sdureus  the  orbits  do  not  communicate  witk  Ael 
temporal  fossae.  There  are  no  paroccipitaJs,  and  onlya{ecb«| 
mastoid  ridge.  The  petrosals  are  slightly  sivollen  at  the  bw  I 
craniL  The  parietals  articulate  with  the  malars.  There  ui| 
vacuity  in  the  interorbital  septum. 

In  Cebusy  also,  there  are  neither  paroccipitaLs  nor  mastoids,  ail 
the  petrotympanics  form  slightly  swollen  convexities.     Beafel 

the  postglenoid  venous  fomDetl 
there  is  a  second  at  the  endctl 
the  squamosal  suture.  Thefoo-I 
men  ovale  is  between  the  petio- 1 
sal  and  alisphenoid.    The  super- 
occipital   plate    has    two   laigcl 
depressions,     as     in     CaUitkni,\ 
The  orbital  plate  of  the  nub  I 
shows  a  small  hole  near  its  jlm^ 
tion  with  the  alisphenoid.'    The  I 
basi-hyal  is    excavated  behind; 
not  so  in  Callithrix :  the  anterior  comua  are  long,  and  formed  by 
epi-  and  cerato-hyals ;  the  thyro-hyals  are  broader,  not  longer. 

In  the  Spider  Monkeys  (Ateles)  the  paroccipitals  and  mastoii^ 
form  rough  tubercles.  There  is  the  same  venous  foramen  as  in 
Cebusy  formed  by  the  meeting  of  two  converging  sinuses  betweai 
the  squamosal  and  alisphenoid.  Ossification  has  extended  into 
one  half  of  the  tentorium.  The  cerebellar  fossa  in  the  petrosal  is 
of  great  depth.  The  foramen  ovale  is  formed  by  the  petrosal  and 
alisphenoid.  The  vomer  extends  to  the  posterior  nares.  The 
incisive  foramen  is  large  and  single. 

The  symphysis  of  the  lower  jaw  is  completely  anchylosed,  and 
the  angle  of  the  jaw  rounded  off,  as  in  most  Platyrrhines.  The 
condyles  and  small  coronoid  processes  are  of  equal  height:  in 
Marmosets  the  coronoid  is  higher,  and  in  Hapale  Jacchus  the 
mandibular  angle  is  slightly  produced.  The  basi-hyal  is  a  convex 
plate:  the  cerato-hyals  are  shorter  than  in  Cebus:  the  thyro- 
hyals  are  longer. 

*  CIV.  pi.  vi.  {Cebus,  Douroncouli,  Chamck.) 

'  These  relics  of  the  orbito-tcroporal  ^acait/  were  first  noticed  as  sach  bj  Prof. 
Filippi. 
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In  the  Red  Howler  {Mycetes  seniculusy  fig.  350)  the  superocci- 
pital  region  is  almost  flat  and  yertical,  at  right  angles  with  the 
parietal  surface,  from  which  it  is  separated  by  a  well-defined 
ridge:  the  foramen  magnum  looks  almost  directly  backward. 
The  maxillo-premaxillary  sutures  demonstrate  the  junction  of  the 
premaxillaries  with  the  nasals.  The  ectopterygoids  much  exceed 
the  entopterygoid  plates  in  size.  The 
large  malar  foramen  communicates  with 
the  orbit:  the  suborbital  foramina  of 
the  maxillary  are  two  in  number,  and 
small.  The  chief  feature  of  peculiarity 
in  the  skull  of  the  Howler  is  the  extra- 
ordinary depth  of  the  mandibular  rami^ 
especially  of  their  angular  and  ascend- 
ing portions.  This  development  relates 
to  the  protection  and  support  of  the 
still    more    extraordinarily    developed 

i.j  ji  ",.  .y  Howler  (JfyMtM  itr««ntM).  umr. 

hyoidean  and  laryngeal  apparatus — the 

organs  of  the  loud  and  dissonant  cries  which  have  procured  for 
these  South  American  Monkeys  their  common  name.  The 
superior  length  of  the  postglenoid  process,  in  relation  to  the 
larger  and  heavier  lower  jaw,  is  worthy  of  notice.  An  obtuse 
paroccipital  ridge  extends  from  the  condyle  to  the  mastoid  ridge. 
The  precondyloid,  jugular,  and  carotid  foramina  all  open  into 
an  irr^ular  fossa  between  the  petrosal  and  paroccipital  ridge. 
There  is  a  snudl  venous  foramen  outside  the  mastoid^  and  a 
second  at  the  anterior  border  of  the  squamosal.  The  hyoid  arch 
is  reduced  to  the  basi-  and  thyro-hyals;  but  the  former  is 
enormously  developed,  and  expanded  into  a  capacious  sac  with 
thin  walls,  and  a  posterior  opening,  admitting  a  laryngeal  pouch. 
A  narrow  transverse  plate  descends  from  the  roof  of  the  bony 
sac  The  cerato-hyals  are  obsolete.  The  thyro-hyals  long,  for 
suspending  the  sac  to  the  upper  angles  of  the  large  thyroid  car- 
tilage. 

There  is  much  greater  diversity,  and  more  marked  ascending 
steps  of  structure,  in  the  skull  of  the  *  Old  World '  than  of  the 
^  New  World'  Monkeys.  No  Catarrhine  shows  ossification  of 
the  tentorium ;  and  in  all  the  preclinoid^  as  well  as  postclinoid^ 
processes  defend  the  sella.  The  same  remark,  as  to  concur- 
rence of  immature  proportions  of  cranium  and  jaws  with  in- 
fantile stature,  applies  to  the  Catarrhine  as  to  the  Platyrrhine 
Quadrumana.  But  the  lafger  species  of  the  lower  groups  ( Cy- 
nocephalusy  Papioy  e.g.)  show  more  carnivorous  or  brutish  pro- 
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portions  of  skull  than  do  those  (Orang,  Gorilla)  of  thelu^j 
group. 

In  the  Black-faced  Drill  ( Cynocephalus  porcariuSy  fig.  351 

the    facial    much    exceeds  tkl 
^^*  cranial  part  of  the  skulL   11»| 

superoccipitAl    ib    almost  fiit: 
but,  sloping  upward  andbttil 
ward,  forms  an  acute  anglevi&l 
the  parietal,  from  which  it  i| 
divided  by  a  strong  ridge,  whm  I 
the  diploe  is   obliterated.    TIk| 
mastoid  is  more  developed  tin  I 
the  paroccipital  prominence ;  bat  I 
both  are  low.     The  jugular  fom 
is  distinct  from  the  precondyloid  and  carotid  foramina ;  outside  the 
latter  is  a  short  *  vaginal '  process.    The  petrosal  bifurcates  antcri- 1 
orly  into  a  '  eustachian '  and  an  '  apical '  process:  the  latter  nnder- 
laps  the  base  of  the  pterygoid  process :  the  inner  surface  of  iut  I 
petrosal  is  closely  applied  to  the  basisphenoid  and  basioccipital  u 
far  as  the  *  foramen  jugulare : '  there  is,  thus,  no  *  foramen  lacenm 
basis  cranii.'    The  squamosal  is  perforated  near  its  middle  by  Ofoe 
or  two  small  foramina,  but  there  are  no  *  post-glenoid  '  outlets  of 
the  lateral  sinuses.     The  foramen  ovale  is  between  the  petrosal 
and  alisphenoid,  and  the  nerve  which  it  transmits  pierces  the  base 
of  the  broad  ectopterygoid :  the  entopterygoid  plate  is  compara- 
tively small,  but  ends  in  a  hamular  process.      The  glenoid  arti- 
cular surface  projects  from  the  under  part  of  the   base  of  the 
zygoma,  and  is  slightly  convex :    it  is  defended  by  a  postglenoid 
process.     The  vomer  divides  the  posterior  nostrils,  and  there  is  a 
venous  sinus  or  foramen  between  its  base  and  the  presphenoid. 
The  coalesced  nasals  are  i)rominent  and  gradually  expand  as  they 
advance  forward :  they  unite  with  a  small  proportion  of  the  pre- 
maxillaries.      The  fossae  between  the  nasals  and  maxillary  tuber- 
osities are  short  and  wide.      The  pterygoid  fossse  are  large  and 
deep.      The  alisphenoid  is  separated  by  the  squamosal  from  the 
parietal.     The  upper  angle  of  the  mastoid  is  wedged  between  the 
superoccipital  and  parietal.      The  limits  of  the  interparietal  may 
be  traced  upon  the  inner  surface  of  the  calvarium.       There  is  a 
shallow  cerebellar  fossa  above  the  meatus  intemus.      The  optic 
foramina  are  approximated.      The  entry  to  the  rhinencephalic 
fossa  is  much  contracted  by  the  bulging  prominence  of  the  roofs 
of  the  orbits. 

In  the  Magot  (^Macacus  Inuus,  fig.  352)  and  other  Macaoques, 
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with  a  general  reduction  of  the  size  of  the  animal,  the  jaws  are 

concomitantly  reduced,  so  that  the  cranial  cavity  forms  one  half 

of  the  length  of  the  skull.     The  general  characters  are  those 

noted  in  the  Drill.     In  Ma^ 

cacus  nemestrinuSy  a  process  of 

Btyliform  shape  is  developed 

from  the  lower  end  of  each 

mastoid.  The  posterior  clinoid 

plate  is  largely  developed  and 

is  perforated.     The  cerebellar 

fossa  is  moderately  deep ;  the 

foramen  ovale  is  between  the 

alisphenoid  and  petrosal.   The 

entry    to   the  rhinencephalic 

fossa  is  contracted  by  a  pair  of  lateral  processes. 

In  the  still  smaller  Monkeys  {Cercopithecus^  fig.  353)  the 
cranial  cavity  forms  a  larger  portion  of  the  skull.  In  C  ruber y 
the  alisphenoid  joins  the  parietal  on  the  left  side,  not  on  the  right. 
In  all  the  premaxillaries  rise  high  between  the  maxillaries  and 
nasals :  the  interior  of  the  cranium  shows  the  cerebellar  pit  of  the 
petrosal,  and  the  well-developed  crista  galli  dividing  the  deep 
rhinencephalic  fossa.  The  postglenoid  process  is  pointed,  and  in 
some  ( Cere,  albogularis)  the  mastoid  also  : 
the  entocarotids  pierce  the  petrosals.  The 
Doucs  {Semnopithecus)  have  a  similar  pro- 
portion of  cranial  cavity :  in  which  the 
cerebellar  fossa  of  the  petrosal  is  both  large 
and  deep.  The  entry  to  the  rhinencephalic 
fossa  is  constricted  by  the  approximation  of 
its  lateral  margins,  which  almost  touch  at 
the  middle.  The  foramen  ovale  is  between 
the  petrosal  and  the  alisphenoid.  The  tympanic  air-cells  extend 
into  the  mastoid  and  squamosal. 
The  bony  septum  between  the 
orbital  and  temporal  fossse  is 
entire  in  all  Catarrhines. 

In  the  Gibbons  {Hylobatesy 
fig.  354)  the  jaws  are  more 
shortened,  the  cranium  more  ex- 
panded. The  alisphenoid  is  per- 
forated by  the  foramen  ovale,  and 
joins  the  parietal.  The  premax- 
illaries   do    not   reach    the    nasals.  %\vaiins  (BylobaUM  $vndaayln»).   hxix'. 
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The  petroBal  stall  flkows  tlie  eercbellar  foBBoi :  its  exterior  ?iimrt  I 
is  no  longer  swollen  into  m  oeDnho*  bollm,  but  exhibits  av^l 
marked  eustachian  prooesB.  Hie  ento-  and  post-giencnd  processKl 
are  well  developed.  The  orhital  bov^der  is  thick  and  prominoL  I 
but  the  BuperdliarT  portions  do  not  meet  abore  the  naad.  k  I 
the  skull  of  a  young  Gibbon  I  have  seen  the  exceptionil  exte- 1 
sion  of  the  frontd  backward  to  the  occipital,  as  in  fig.  239  ( Cdts\ 
The  mandibular  sj-mi^Tss  is  more  nearly  Tcrtical  and  the  iifft| 
more  produced  in  the  Siamax^  than  in  other  Gibbons. 

In  the  Orangs  and  ChimpanEees  the  foramen  ovale  is  {nerce:  I 
355  u^  the  alisphenoid,  andtkl 

entocaix>tid  traverses  tkl 
petrosal,  which  has  no  cm- 1 
Cellar  pit^  Thecraniiltfcl 
facial  parts  of  the  sfaill 
are  aboat  equal  in  the  adi^  I 
males,  with  fully  devek^i 
laniaiy  canines :  in  the  fe- 
males, with  smaller  caniufs* 
the  jaws  are  less;  andtk 
cranial  cavity  predomiIlate^ 
still  more  in  the  inmiatim 
individuals.  In  some  ^ 
rieties  of  Orang  (Ffthem 
Satyr  us,  fig.  355)  the  m- 
nium  rises  higher  than  in 
others :  and  this  feature  t 
increased,  in  old  males,  bj 
I  ho  u'lxnvth  of  the  parietal  crest,  which  bifurcates  anterior!  v,  de- 
tn>i«vr  rt  firtt  tnan«xiilar  space  upon  the  frontal,  and  posteriorlv  to 
\\\v\\\  fho  lamlHloi*!  crests, — a  proNTsion,  as  in  Carnivora,  for  the 
l«\^^  mu\  |H>\verful  tomi>oral  muscles.  The  superorbital  ridge  doe^ 
not  p«>\itvt  alnno  the  nasal  bone  :  this,  usually  single  and  small, is 
ihu  Tito  pixMuaxillarios  coalesce  with  the  maxillaries  when  the 
v^vkotj^  \\(  the  pcnuauont  laniaries  are  developed ;  and  about  the 
>^wut^  tiino  the  l>Hsisplionoid  coalesces  with  the  basioccipital.  The 
\|^ntMdal  sintii*  is  alinast  wholly  formed  by  the  presphenoid,  and 
>t  fe  t!ivulo<l  by  a  lonjj^tiidinal  septum.  The  lower  border  of  the 
>v^xi^>\vipito-ssphonoidal  fl<x>r  of  the  cranium  is  parallel  with  the 
K^n>  ^V^Ut*"  ^^T  fliH>r  of  the  nostrils.  The  plane  of  the  occipital 
^N-^*»vi^  i'oww  an  open  anprlo  with  the  straight  basi-occipito-sphe- 
•vN-u:  ^«<^.  The  aUsphonoid,  6,  joins  the  |mrietal,  : ;  the  precondy- 
,  s^i  ^'^^ina  aiv  ws^ually  double  on  each  side.    The  mastoid  is  not  a 
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i  prominent  process ;  the  tympanic  air-cells  are  continued  therefrom 
I  into  the  squamosal.  The  interorbital  sinuses  do  not  ascend  to 
I  within  half  an  inch  of  the  upper  level  of  the  orbits,  and  there  is 
I  consequently  no  proper  frontal  sinus :  a  cancellous  structure  occu- 
(  pies  the  usual  place  of  this,  below  which  the  part  of  the  interorbital 
I  septum  formed  by  the  hinder  crista  of  the  nasal  bone  and  the 
i  firontal  presents  a  very  compact  dense  structure.  The  small  venous 
canal  continued  from  the  foramen  csecum  traverses  the  base  of  this 
septum  to  terminate  at  the  lower  end  of  the  short  nasal  bone. 
The  ^  lamina  perpendicularis  sethmoidei/  or  coalesced  prefrontals, 
presents  a  quadrate  form.  The  floor  of  the  nasal  cavity  is  long 
and  thick,  as  compared  with  that  in  Man,  and  a  larger  proportion 
of  it  is  contributed  by  the  premaxillary.  The  orbits  are  directed 
forward  and  have  a  full  oval  shape.  The  area  of  the  nasal  cavity 
equals  more  than  one  third  of  that  of  the  cranial  cavity.  The 
most  anterior  part  of  this  cavity  is  formed  by  the  deep,  narrow, 
and  well-defined  rhinencephalic  fossa :  the  *  crista  galli '  is  rudi- 
mental.  The  division  of  the  prosencephalic  compartment,  for  the 
anterior  and  middle  lobes  of  the  cerebrum,  is  very  slightly 
defined  by  the  orbitosphenoid.  The  tentorial  ridge  is  not  con- 
tinued backward  beyond  the  petrosal.  The  nasal  end  of  the 
incisive  canal  is  divided  by  the  process  extending  from  the  pre- 
maxillary to  the  maxillary ;  but  this  is  the  only  part  of  the  pre- 
maxillary which  does  not  coalesce  with  the  maxillary.  The 
turbinal  plates  are  less  developed  than  in  the  Gorilla ;  the  lower 
one  is  shorter  than  the  one  above ;  and  there  is  not  Any  plate 
answering  to  the  small  superior  turbinal  in  the  Gorilla  and  in 
Man.  There  is,  in  some  Orangs'  skulls,  a  process,  formed  by  the 
anchylosed  base  of  the  stylo- 
hyal,  which  is  defended  in 
front  by  a  low  and  obtuse 
vaginal  process.  The  com- 
pact wall  of  the  mandibular 
symphysis  is  thick  and  dense. 
The  symphysis  slopes  from 
above  downward  and  back- 
ward. 

In  the  genus  Trofflodt/tesy 

the    squamosal,    fig.  356,   27,  a^lmpumct  iVroolodyUs  mo^.  m^le).   CI,,-. 

usually  articulates  with  the 

frontal,  11 ;  the  premaxillaries  coalesce  with  the  maxillaries  earlier 
than  in  Pithecus^  the  alveolar  part  of  the  suture  being  obliterated 
before  the  nasal  portion ;  the  palatal  part  long  remains.     In  the 
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smaller  species  of  Chimpanzee  ( TV.  niger)  the  temporal  lidpi 
meet,  in  old  males,  upon  the  sagittal  line,  but  rarely  dcTelopttl 
crest :  the  lambdoidal  boundary-ridgeb  are  better  marked. 

Independently  of  the  superiority  of  size  of  tte   Tr.  (rffA] 
over  the   Tr.  niffer,  the   skull  of  the   former,   figs.   357—351,1 
presents  well-marked  differences  of  form,  differences  in  the  dev».| 
lopement  and  proportions  of  the  intermuscular  ridges,  in  tlie&.| 
position  of  certidn  sutures,  and  in  the  structure  and  proportion  4(1 
certain  teeth.     Compared  in  profile,  the  skull  of  both  speos.} 
figs.  356  and  357,  presents  a  striking  difference  from  that  dl 
the  Orang,  fig.  355,  in  the  prominence  of  the  superorbital  iidg«;l 
but  the  temporal  ridges,  after  their  junction  upon  the  frontal  I 
rise,  in  the   TV.  Gorilla,  into  a  strong  and   lofty  sagittal  cre^  I 

which  is  continued  to  tk  1 
lambdoidal  crest,  the  gres 
extent  of  which  masks  the  I 
posterior  convexity  of  tlie 
occiput.         The     zygoma- 1 
tic  arch   is  proportionaDy 
much  stronger  in  the  Go- 
rilla, and  also  differs  fron 
that  in   TV.  niffer  by  the 
squamosal    part    being  of 
equal  depth  with  the  malir 
part,  and  by  its  having  its 
upper  border    convex,  or 
produced    into    an   angle 
instead  of   being  straight 
or  slightly  concave.     The 
alisphenoid  is  longer  and  narrower  in    TV.  Gorilla,  and  contri- 
butes less  to  the  back  wall  of  the  orbit  than  in    TV.   niffer^  in 
which  it  forms  a  much  smaller  proportion  of  that  part  Aan  in 
Man.     The  spheno-maxillary  fissure  is  not  only  larger  in   Tr. 
Gorilluy  but  is  narrower  and  more  vertical,  not  angularly  bent 
as  in   TV.  niffer.     The  extent  of  the  premaxillary    bones  below 
the   nostril  is   not  only  relatively   but   absolutely    less    in    Tr. 
Gorilla,  and  the  profile  of  the  skull  less  convex  at   that  part, 
or  less  *  prognathic,'  than  in  Trl  niffer.     The  breadth  of  the  pre- 
maxillaries  and  of  the  incisor  teeth  is  the  same  in  both,  whilst 
in  all  other  dimensions  the    TV.  Gorilla   greatly  surpasses  the 
TV.  niffer:  this  is  seen  in  the  height  of  the  sagittal   crest,  the 
thickness  of  the  great  superorbital  bar  of  bone,  the  prominence 
of  the  ectorbital  walls,  and  of  the  inferior  tumid  malar  boundaries 
of  the  orbits,  fig.  358,  26.     The  nasal  bones  have  united  together 
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=^ja  TV.  Gorilla  as  in  Tr.  niger,  but  less  completely,  a  linear  indi- 
cation of  the  median  suture  remaining  along  the  exterior  surface  : 
-  ^jhe  coalesced  upper  portions  of  the  nasals  ascend  higher  above 
z:  vhe  nasal  processes  of  the  maxillary  than  in  Tr.  nigery  become 
^^x>ntracted  between  those  processes  and  there  project  slightly, 
vbheir  median  coalesced  margins  being  produced  forward:  they 
^.expand  at  their  lower  halves,  and  articulate  not  only  with  the 
maxillarics,  21,  but  with  an  expanded  superior  portion  or  dis- 
^.  memberment  of  the  premaxillaries,  22.  In  the  immature  Tr. 
^  nigery  the  maxillo-premaxillary  sutures  show  that  each  pre- 
.,'  maxillary  bone  terminates  above  in  a  point  which  does  not 
Z   reach  the  nasals.     The  orbits  have  355 

'  a  more  subquadrate  form,  with  the 
angles  rounded  off,  in  Tr.   Gorilla 
than  in  Tr.  niger;   but  their  peri- 
phery is  less  sharply  defined,  esi)e- 
•    cially  below,  than  in  Tr.  niger.   The 
'     ethmoidal    cells   are    more   swollen 
'     out,    giving   the   interorbital   space 
a   greater   breadth    below  and    the 
lachrymal   fossse    a    more    anterior 
aspect  in  Tr.  Gorilla.      The  infra- 
orbital canal   issues  u|)on   the  face 
relatively  lower  and  further  from  the 
orbit.    The  whole  nasal  bone  is  rela- 
tively longer,  and  the  distance  from 

the  orbits  to  the  external  nostril  greater  in  the  Tr.  Gorilla. 
The  malar  bone,  26,  is  more  convex  outwardly,  and  is  more  remark- 
able for  its  vertical  extent :  it  is  flatter  and  developed  more  trans- 
versely in  the  Tr.  niger.  The  larger  proportional  size  of  the 
canines  in  Tr.  Gorilla  impresses  a  corresponding  difference  ujwn 
the  alveolar  part  of  the  maxillary  bone  in  that  species.  Fig.  357 
contrasts  the  broad  flattened  superoccipital  surface  of  the  Gorilla 
with  the  convexity  of  the  same  part  in  the  Tr.  niger y  fig.  356 :  the 
difference  is  due  to  the  much  thicker  and  broader  lambdoidal 
ridge  in  the  larger  species,  which  prolongs  the  surface  beyond  the 
cerebellar  fossa,  and  gives  the  condyles  and  foramen -magnum  a 
rather  more  advanced  position  vA  compared  with  the  Tr.  niger. 
The  next  character,  explicable  in  relation  to  the  greater  weight  of 
the  skull  to  be  poised  upon  the  atlas,  is  the  greater  prominence  of 
the  mastoid  processes  in  the  Tr.  Gorilla^  which  are  represented 
by  only  a  rough  ridge  in  the  Tr.  niger.  Th««»  protuberances  are 
cellular,  and  with  a  very  thin  outP'  bono  in  the   Tr. 

Gorilla.     The  lower  surface  of  1  Nuic  or  auditory 
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In  the  Long-armed  Apes  {Hylobates^  fig.  180)  both  i 
and  coracoid  are  large,  and  much  produced.      The  clayidesi 
unusual  length,  equalling  the  extent  of  the  eleven  anterior  j 
vertebra.     The  bones  of  the  arm  and   fore-arm  are  still 
remarkable  for  their  length  and  slendemes8,  as  well  as  dui 
the  fingers  of  the  hand,  the  thumb   of  which  is  companfii^ 
short  and  slender.     The  femur  is  long  and  nearly  straight 
tibia  is  slightly  bent.     The  thumb  of  the  hind- foot  is  strm  i 
well-developed,  with  two  phalanges. 

The  great  length  of  the  pectoral  limbs,  and  the  provision  mil 
for  the  extensive  origin  of  some  of  their  muscles  by  the  \mM 
of  the  thorax  and  the  size  of  the  scapulae  and  clavicles,  reUteil 
the  chief  share  which  these  limbs  take  in  the  rapid  and  chanctB-l 
istic  locomotion  of  this  species,  which  swings  itself  thereby  &:b| 
branch  to  branch,  with  a  force  that  propels  the  body  duoo^l 
considerable  distances.  I 

The  Siamang  offers  the  peculiarity  of  a  common  tegninentin| 
sheath  of  the  proximal  phalanges  of  the  second  and  third  digii 
of  the  hind-hand,  whence  the  name  {HyL  syndactylus). 

In  the  Orangs  (Pithecus)  the  clavicle  is  less  curved  than  it  | 

361 


Carpus  of  the  Orang.    lxix*. 


Man,  and  the  distal  end  is  less  expanded.  The  scapula  approaches 
by  its  breadth,  to  the  form  of  that  of  Man,  but  the  acromion  il 
narrower,  longer,  and  more  antroverted.  The  humerus,  in  some 
Orangs,  shows  a  small  perforation  between  the  condyles.     The 
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V'ftdius  and  ulna  are  remarkable  for  their  length,  and  the  extent 
flfcrf  the  interosseous  space.     The  wrist,  fig.  361,  consista  of  nine 
unbones,  as  in  the  inferior  Apes, — resulting,  as  in  them,  from  the 
LitpreBence  of  the  intermedium,  h :  the  scaphoid,  a,  and  lunare,  b, 
BQ  articulate  with  the  radius ;  the  cuneiform,  c,  is  attached  by  liga- 
lament  to  the  styloid  process  of  the  ulna;  the  'sesamoid,'  t,  is 
lit,  imbedded  in  the  tendon  of  the  abductor  longus  pollicis.     The 
metacarpals  have  only  half  the  breadth  of  the  proximal  phalanges 
4  at  their  middle  part.     The  phalanges  are  long,  bent  towards  the 
^,  palm,  and  expanded  at  their  middle.    The  bones  of  the  thigh*  and 
^  leg  are  disproportionately  short :  the  articulation  of  the  latter  Avith 
J    the  tarsus  is  adjusted  to  turn  the  sole  obliquely  inward.     The 
J    hallux  is  disproportionately  short,  and,  in  some  Orangs,  has  but 
•    one  phalanx.     The  bones  of  the  other  toes  have  great  length, 
especially  the  metatarsals  and  proximal  phalanges,  which  are  bent 
toward  the  sole,  indicating  the  habitual  application  of  the  foot  in 
the  act  of  grasping  and  climbing.     The  joint  of  the  hind-limb  is 
made  as  free  as  that  of  the  fore-limb,  by  the  absence  of  the  inter- 
articular  *  ligamentum  teres.'     The  calcaneum  projects  but  little 
beyond  the  astragalus,  the  tibial  surface   of  which  is  inclined 
obliquely  inward,  so  that  the  foot  presents  its  outer  edge  to  the 
ground, — a  mode  of  articulation  favouring  its  prehensile  power. 

In  the  Chimpanzee,  fig.  345,  the  clavicle,  58,  is  relatively 
shorter  than  in  the  Orang ;  the  sigmoid  curvature  is  more  marked, 
the  sternal  end  is  thicker,  and  the  acromial  end  broader:  the 
scapula  is  longer  in  proportion  to  its  breadth,  and  the  acromion  is 
broader  than  in  the  Orang.  The  bones  of  the  anterior  extremity, 
especially  those  of  the  fore-arm,  are  shorter  than  in  the  Orang. 
The  humerus,  53,  is  imperforate  at  its  distal  end ;  it  is  shorter 
and  stronger  than  the  Orang ;  both  tuberosities  are  more  deve- 
loped, especially  the  inner  one,  and  the  bicipital  groove  is  deeper : 
the  antero-intemal  surface,  bounded  outwardly  by  the  deltoidal 
ridge,  is  flatter  than  in  the  Orang :  the  supinator  ridge  commences 
above  the  middle  of  the  shaft.  The  trochlear  prominence  of  the 
distal  articulation  is  more  developed,  and  the  canal  which  sepa- 
rates it  from  the  ball  for  the  radius  is  both  deeper  and  wider. 
The  radius,  54,  is  shorter  in  proportion  to  its  breadth,  and  pre- 
sents a  more  marked  sigmoid  curvature;  the  borders  of  the 
circular  proximal  end  are  more  produced  ;  the  trihedral  character 
of  the  distal  half  is  better  marked.  The  distal  end  is  more  sud- 
denly expanded,  and  the  grooves  for  the  extensor  tendons  are 
deeper  and  better  defined.  The  ulna,  55,  differs  from  that  in  the 
Orang  in  the  proportion  of  its  length  and  thickness.     The  outer 
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or  ulnar  division  of  the  great  sigmoid  cavity  is  less  developed  tkaa 
in  the  Orange  and  its  margin  is  more  extensively  interrupted  it 
its  middle  part :  the  radial  division  of  the  same  cavitv  extends 
more  nearly  to  the  back  part  of  the  olecranon.  The  lesser  sigmoid 
cavity  is  more  nearly  semicircular  than  in  the  Orang.  The  rid^ 
continued  a  short  way  downward  from  the  inner  and  ulnar  tn^ 
of  the  great  sigmoid  cavity  is  sharply  defined,  but  the  fossa  wKA 
it  bounds  is  much  less  deep  than  in  the  Orang.  The  interofiseuof 
ridge  is  not  marked,  the  bone  being  there  rounded  off  in  the 
Chimpanzee.  The  styloid  process  is  better  developed  than  in  the 
Orang.  The  carpus  consists  of  eight  bones,  as  in  Man.  The 
thumb,  1,  is  relatively  longer  and  stronger  than  in  the  Otiik:. 
The  pelvis  is  longer  in  proportion  to  its  breadth  than  in  the 
Orang.  The  tuberosities  of  the  ischia  are  expanded,  flattened 
and  bent  outward,  as  in  the  Orang.  The  expanded  part  of  the 
ilium,  62,  is  slightly  concave  anteriorly,  but  in  the  Orang  it  is 
plane.  The  spine  of  the  ischium  is  parallel  transversely  with  die 
middle  of  the  obturator  foramen,  but  in  the  Orang  it  is  panllel 
with  the  upper  border  of  that  foramen.  The  ilio-ischial  ai^k  'n 
165**.  The  ischio-pubic  symphysis  is  longer  than  in  the  Orang: 
but  retains  its  longitudinal  parallelism  with  the  sacio-lombtf 
series  of  vertebras.  The  posterior  wall  of  the  acetabulum  is  still 
the  deepest  The  bones  of  the  hind  extremity  are  relatiTelT 
longer  and  stronger,  especially  the  femur,  than  in  the  Orang:  but 
the  most  marked  distinction  between  the  two  great  andiiopoid 
Apes  is  seen  in  the  length  and  strength  of  the  hallux,  t,  in  the 
Chimpanzee.  The  articulation  of  the  tarsus  with  the  leg  still, 
however,  favours  the  oblique  position  of  the  foot,  and  adapts  it 
for  grasping.  The  femur,  65,  shows  the  pit  upon  its  head  for  the 
ligamentum  teres :  both  trochanters  are  relatively  larger  than  in 
the  Orang :  the  neck  is  longer,  thicker  in  proportion  to  the  head* 
and  passes  off  at  a  less  obtuse  angle  with  the  shaf);.  The  shaft 
is  slightly  bent  forward  ;  it  is  not  straight:  the  condyles  are  more 
expanded,  especially  the  inner  one. 

In  the  Gorilla,  fig.  346,  the  scapula  is  broader  than  in  the 
Chimpanzee,  but  differs  from  that  of  Man  in  the  more  oblique 
course  of  the  spine,  which  gives  greater  extent  to  the  superior 
costa ;  in  the  greater  length  and  breadth  of  the  coracoid,  52 ;  in 
the  straightness  of  the  inferior  costa ;  and  in  the  greater  con- 
vexity of  the  base,  especially  as  it  approaches  the  lower  angle  : 
the  plane  of  the  glenoid  cavity  is  less  parallel  with  the  base  than 
in  Man,  it  looks  more  obliquely  upward ;  the  suprascapular  notch 
id  not  defined. 
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The  claylcle,  58^  is  thicker  than  that  in  Man,  with  a  subtrihedral 
shaft  and  the  sigmoid  flexure  less  marked  ;  the  sternal  articular  sur- 
face is  less  oblong ;  the  acromial  end  is  broader  and  flatter  below. 

The  humerus,  53,  though  surpassing  in  length  that  of  Man, 
fig.  183,  53,  is  thicker  and  stronger  in  all  its  ridges  and  processes ; 
especially  at  the  lower  extremity,  the  transverse  diameter  of 
which  surpasses  that  of  the  upper  extremity  of  the  bone  in  a 
greater  degree  than  in  Man:  both  tuberosities  are  relatively 
greater,  the  *  lesser '  one  more  especially.  Immediately  above 
the  distal  articular  surface  are  two  depressions  divided  by  a  ridge 
continued  to  the  prominence  between  the  radial  and  ulnar  arti- 
culations ;  the  outer  or  radial  depression  is  the  smaller  and  shal- 
lower, the  inner  or  ulnar  one  is  larger :  it  answers  to  the 
*  coronoid  fossa '  in  Man,  but  becomes  a  foramen  in  full-grown 
Gorillas,  by  absorption  of  the  thin  plate  of  bone  dividing  it  from 
the  anconeal  fossa  behind.  The  ectocondyloid  prominence  is 
more  marked  than  in  Man :  the  entocondyloid  one  is  more  pro- 
duced, is  angular,  and  compressed.  The  back  part  of  the  humerus 
shows,  as  in  Man,  the  musculo-spiral  tract  dividing  the  ridges 
for  the  external  and  internal  heads  of  the  *  triceps  extensor.' 
The  configuration  of  the  lower  articular  surface  is  closely  similar 
to  that  in  Man ;  the  whole  surface  extends  a  little  further  below 
the  condyloid  prominences,  allowing  to  that  extent  a  more  free 
sweep  of  the  fore-arm  in  flexion  and  extension,  and  adding  power 
to  the  leverage  of  the  tendons  inserted  into  the  antibrachial  bones. 

The  medullary  artery  enters  the  fore  part  of  the  shaft,  but 
nearer  the  middle  of  the  bone  in  the  Gorilla  than  in  Man :  in 
both  the  course  of  the  canal  is  towards  the  elbow-joint.  The 
head  of  the  radius,  64,  has  an  elliptical  contour :  the  shaft  beuds 
outward  so  as  to  leave  a  wider  interosseous  space  than  in  Man. 
The  neck  expands  to  the  tuberosity  which  shows  an  oblong  rough 
prominence  for  the  insertion  of  the  tendon  of  the  biceps,  behind 
or  ^  ulnad '  of  the  smoother  prominence  supporting  the  bursa 
interposed  between  it  and  the  tendon.  Below  the  tuberosity  the 
shaft  assumes  a  pyriform  transverse  section  through  the  develope- 
ment  of  the  interosseous  ridge,  which  extends  to  near  the  *  sig- 
moid cavity.'  The  styloid  process  is  represented  by  a  prominence 
which  gives  a  larger  surface  than  in  Man  for  the  insertion  of  the 
tendon  of  the  '  supinator  longus.'  It  is  not  impressed,  behind  or 
externally,  so  deeply  by  the  two  grooves  for  the  extensor  muscles 
of  the  metacarpal  and  first  phalangeal  bones  of  the  thumb :  a  still 
stronger  tuberosity  divides  the  fossa  for  the  radial  extensors  of 
the  wrist,  from  the  wider  and  deeper  one  for  the  strong  tendons 
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tuberosities  beneath  the  proximal  articular  surfaces  are  better 
developed.  The  proximal  phalanges  differ  not  only  in  their 
greatly  superior  size,  but  in  the  deep  excavation  of  their  under 
or  anterior  surface,  which  is  bounded  by  rough  lateral  ridges ; 
they  are  also  more  flattened  and  rather  more  bent.  The  distal 
phalanges  of  the  anterior  extremity  are  longer,  more  slender,  and 
less  expanded  at  their  rough  terminations. 

Each  06  innominatum  in  the  adult  male  Gorilla,  62,  is  one  foot 
three  inches  in  length,  that  of  Man  being  seven  inches  and  a  half: 
the  breadth  of  the  ilium  is  eight  inches  and  a  half,  that  of  Man 
being  six  inches.  The  ilium  is  less  concave,  of  a  more  triangular 
figure,  the  anterior  border  being  much  longer  and  straighten  The 
more  elongated  and  narrower  form  of  the  sacral  surface  corresponds 
with  what  has  been  noticed  in  the  sacrum :  the  posterior  angle  or 
spine  of  the  ilium  is  above  that  surface,  not  behind  it  as  in  Man : 
the  distance  between  the  antero-superior  and  antero-inferior  spines 
is  much  greater  in  the  Gorilla :  the  antero-inferior  spine  is  situated, 
as  in  Man,  just  above  the  acetabulum.  The  upper  ischiatic  notch 
18  much  less  deep  than  in  Man,  and  there  is  a  very  feeble  rudiment 
of  the  tuberosity  dividing  it  from  the  lower  notch.  The  aceta- 
bulum is  not  much  larger  than  that  of  Man:  the  posterior  is 
deeper  than  the  upper  wall,  providing  for  resistance  to  the  femur 
in  a  semi-flexed  rather  than  in  an  erect  position.  The  ischium 
extends,  as  in  the  Chimpanzee,  far  below  the  acetabulum,  where 
it  forms  a  strong  subtrihedral  column,  terminating  in  a  large 
flattened  outwardly  bent  tuberosity,  the  aspect  of  which  is  wholly 
downward,  not  backward,  as  in  Man :  the  united  plates  of  the 
ischium  and  pubes,  bounding  the  obturator  foramen  internally, 
are  considerably  broader  than  in  Man.  The  plane  of  the  ilium  is 
twisted  almost  at  right  angles  with  that  of  the  ischium  and  pubes. 

The  femur,  65,  is  shorter  than  in  Man,  and  much  shorter  in 
proportion  to  the  breadth  of  the  shaft ;  the  head  is  more  relieved 
from  the  neck,  and  shows  a  less  deep  depression  for  the  ligamentum 
teres ;  the  neck  is  less  oblique  than  in  Man ;  the  great  trochanter 
rises  to  a  level  with  the  upper  border  of  the  head ;  the  small  tro- 
chanter is  less  prominent,  but  has  a  larger  base  than  in  Man,  and 
is  more  remote  from  the  great  trochanter.  The  linea  aspera  is 
less  developed,  and  the  back  part  of  the  lower  half  of  the  shaft  is 
flat  and  smooth :  the  inner  angle  of  the  popliteal  space  presents  a 
well-marked  rough  depression,  which  is  not  present  in  the  Human 
femur,  and  the  shaft  more  gradually  expands  to  the  condyles. 
The  outer  articular  condyle  is  narrower  than  the  inner  one,  the 
reverse  being  the  case  in  Man :  the  inner  condyle  is  not  longer 
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than  the  outer  one,  as  in  Man.     The  rotular  surface  is  i 
the  lateral  borders  are  better  defined :  the  medullary  arterre 
the  middle  of  the  back  part  of  the  shaft,  and  the  course  c 
canal  is  proximad  or  upward. 

The  length  of  the  tibia  is  one  foot  six  lines,  and  its  Atk^ 
as  thick  as  in  Man,  and  expands  more  gradually  to  the  distil  c 
the  conformation  of  the  proximal  surface  is  similar  to  that  in  ] 
the  spine  is  rather  stronger,  and  an  anterior  spine  or  tnberaihj 
more  distinctly  developed.    The  internal  tuberosity  in  front  of  A 
fibular  one  is  better  defined ;  the  interosseous  ridge  is  veryf« 
marked  in  the  Gorilla,  and  the  anterior  ridge  of  the  shaft  is  i 
less  marked  than  in  Man.     The  astragalar  surface  is  more  i 
lating,  less  concave,  and  more  directly  continued  upon  the  munA 
malleolus :  the  side  of  the  distal  end  next  the  fibula,  instetdg 
being  concave,  forms  an  angular  projection.     The  fibula  is  i 
in  proportion  to  its  length  than  in   Man;   the   lower  articdil 
suiface  of  the  fibula  is  flatter,  and  divided  into  two  facets  bk»| 
distinctly,  than  in  Man. 

The  astragalus  of  the  Gorilla  equals  in  size  that  of  Mai 
but  is  broader  in  proportion  to  its  length:  the  surface  fortkl 
tibia  is  less  defined,  especially  from  the  inner  facet,  which  in  tkl 
Gorilla  is  almost  horizontal  and  appears  as  a  concave  inner  t^l 
nation  of  the  upper  surface.  The  anterior  surface  is  more  conTal 
especially  vertically,  and  more  directly  continued  into  the  antokl 
calcaneal  surface.  The  inner  tuberosity  is  larger  and  more  ad- 1 
vanced :  the  Gorilla  differs  from  the  Chimpanzee  in  the  greater  I 
size  of  this  process,  and  in  the  greater  proportional  size  of  tk  I 
scaphoid  convexity,  in  which  respect  its  astragalus  more  resembles  I 
that  of  Man.  The  calcaneum  of  the  Gorilla  is  a  longer  and  mm  I 
slender  bone  than  in  Man,  which  is  chiefly  due  to  the  greater ' 
length  and  slendemess  of  the  posterior  or  calcaneal  process.  The 
lower  surface  of  the  bone  is  smoother,  narrower,  and  more  concave 
longitudinally  :  the  groove  for  the  flexor  tendons  beneath  the  inner 
astragalar  surface  is  >vider  and  better  defined:  that  astragalar 
surface  is  broader  in  proportion  to  its  length,  and  there  is  a  deq» 
longitudinal  groove  on  the  outer  side  below  the  outer  astragalar 
surface,  which  does  not  exist  in  Man.  The  anterior  cuboidal  sur- 
face is  placed  further  from  the  outer  side  of  the  bone  than  in 
Man ;  the  outer  side  forming  a  rough  convex  protuberance  at  its 
anterior  half.  The  naviculare  is  one  third  larger  than  in  Man,  the 
increase  being  in  its  transverse  extent,  and  due  to  the  greater 
development  of  the  rough  convex  protuberance  at  the  inner  end  of 
the  bone.     The  entocuneiform  has  an  equal  vertical,  but  a  minor 
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^>iigitudinal,  extent  than  in  Man,  and  chiefly  differs  in  the  con- 

^  exity  of  the  articulation  for  the  hallux,  which  articnlar  surface  in 

Man  is  nearly  flat :  this  difference  is  very  significative  of  the  dif- 

^  erent  function  of  the  hallux  in  the  two  species ;  the  chief  fulcrum 

^.  3f  the  foot  requiring  a  firm  articulation  in  Man,  but  in  the  Gorilla 

^£preat  extent  of  motion  for  the  functions  of  an  opposable  grasping 

thumb.  The  metatarsal  of  the  hallux  is  fully  as  large  as  that  in  Man ; 

it  differs  in  the  deeper  concavity  of  the  proximal  articular  surface, 

and  in  the  more  prominent  convexity  of  the  distal  one.     The 

.    proximal  phalanx  of  the  hallux  also  equals  that  of  Man  in  size ; 

'  the  borders  of  its  proximal  concavity  are  less  neatly  defined.    The 

ungual  phalanx  is  somewhat  less  than  that  of  Man,  especially  in 

'    its  terminal  rough  tuberosity  ;  it  is  concave  below  instead  of  being 

•    convex.     The  remaining  metatarsals  of  the  foot  are  much  longer 

and  stronger  than  in  Man  ;  the  upper  border  is  more  bent.     The 

first  and  second  phalanges  are  larger  and  more  bent.     The  ungual 

phalanges  are  longer  and  narrower  in  proportion  than  in  Man. 

In  all  the  characters  by  which  the  bones  of  the  foot  of  the  Go- 
rilla depart  from  the  Human  type,  those  of  the  Chimpanzee  recede 
in  a  greater  degree,  the  foot  being  in  that  smaller  ape  better 
adapted  for  grasping  and  climbing,  and  less  for  occasional  upright 
posture  and  motion  upon  the  lower  limbs.  The  lever  of  the  heel 
is  relatively  shorter  and  more  slender ;  the  hallux  has  still  more 
slender  proportions,  and  the  whole  foot  is  narrower  in  proportion 
to  its  length,  more  curved  towards  the  planta,  and  more  inverted 
in  the  Chimpanzee. 

On  a  retrospect  of  the  skeletons  of  the  latistemal  tailless 
Catarrhines,  it  may  be  observed  that  no  Orang,  Chimpanzee,  or 
Gibbon  has  mastoid  processes ;  they  are  present  in  the  Gorilla, 
but  smaller  than  in  Man.  In  the  Chimpanzee,  as  in  the  Orangs, 
Gibbons,  and  inferior  Simice,  the  lower  surface  of  the  long 
tympanic  or  auditory  process  is  more  or  less  flat  and  smooth, 
developing  in  the  Chimpanzee  only  a  slight  tubercle,  anterior  to 
the  stylo-hyal  pit.  In  the  Gorilla  the  auditory  process  is  more 
or  less  convex  below,  and  developes  a  ridge,  answering  to  the 
vaginal  process,  on  the  outer  side  of  the  carotid  canal.  The 
processes  posterior  and  internal  to  the  glenoid  articular  surface, 
especially  the  internal  one,  are  better  developed  in  the  Gorilla 
than  in  the  Chimpanzee;  the  ridge  which  extends  from  the 
ectopterygoid  along  the  inner  border  of  the  foramen  ovale  ter- 
minates in  the  Gorilla  by  an  angle  or  process  answering  to  that 
called  *  styliform '  or  *  spinous '  in  Man,  but  of  which  there  is  no 
trace  in  the  Chimpanzee,  Orang,  or  Gibbon. 
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The  orbits  have  a  full  oval  form  in  the  Orang ;  theyare  alutcl 
circular  in  the  Chimpanzee  and  Siamang,  more  nearly  drciilar,  si  I 
with  a  more  prominent  rim, in  the  smaller  Gibbons  ;  in  the  (jqSi\ 
alone  do  they  present  the  form  which  used  to  be  deemed  pecoit  I 
to  Man.  The  occipital  foramen  is  nearer  the  back  part dik] 
cranium,  and  its  plane  is  more  sloping,  less  horizontal  m  tk  I 
Siamang  than  in  the  Chimpanzee  and  Grorilla.  Considering  the  la  I 
relative  prominence  of  the  fore  part  of  the  jaws  in  the  Siamaig,  I 
as  compared  with  the  Chimpanzee,  the  occipital  character  of  Ik  I 
Gibbon  and  of  other  species  of  Hylobates  marks  well  their  infeiki  I 
position  in  the  quadrumanous  scale.  The  characteristics  of  Ae  I 
limbs  in  Man  are  their  near  equality  of  lengthy  but  the  lower  fimU  I 
are  the  longest.  The  arms  in  Man  reach  to  below  the  middle  of 
the  thigh ;  in  the  Gorilla,  fig.  346,  they  nearly  attain  the  knee ;  ia  I 
the  Chimpanzee,  fig.  345,  they  reach  below  the  knee  ;  in  the  Onng  I 
they  reach  the  ankle ;  in  the  Siamang,  fig.  180,  they  reach  the  sole: 
in  most  Gibbons  the  whole  palm  can  be  applied  to  the  ground  witli- 
out  the  trunk  being  bent  forward  beyond  its  naturally  inclined 
position  on  the  legs.  These  gradational  difiTerences  coincide  vidi 
other  characters  determining  the  relative  proximity  of  the  Ape 
compared  with  Man. 

In  the  Gorilla,  the  humerus,  though  less  long  compared  with 
the  ulna  than  in  Man,  is  longer  than  in  the  Chimpanzee;  in  the 
Orang  it  is  shorter  than  the  ulna;  in  the  Siamang  and  other 
Gibbons  it  is  much  shorter.    The  peculiar  length  of  arm  in  those 

*  long-armed  apes '  is  chiefly  due  to  the  excessive  length  of  the 
antebrachial  bones. 

The  difference  in  the  length  of  the  upper  limbs,  as  compared 
with  the  trunk,  is  but  little  between  Man  and  the  Gorilla.  The 
elbow-joint  in  the  Gorilla,  as  the  arm  hangs  down,  is  opposite  the 

*  labrum  ilii,'  the  wrist  opposite  the  ^  tuber  ischii ;  *  it  is  rather 
lower  down  in  the  Chimpanzee ;  is  opposite  the  knee-joint  in  the 
Orang ;  and  opposite  the  ankle-joint  in  the  Siamang.  The  iliac 
bones  are  not  so  broad  in  proportion  to  their  length  in  any  ape  as 
in  the  Gorilla.  In  the  Orang  they  are  flat,  or  present  a  concavity 
rather  at  the  back  than  at  the  fore  part.  In  the  Siamang  they  are 
not  only  flat,  but  are  narrower  and  longer,  resembling  the  iliac 
bones  of  tailed  monkeys  and  ordinary  quadrupeds. 

The  lower  limbs,  though  characteristically  short  in  the  Gorilla, 
are  longer  in  proportion  to  the  upper  limbs,  and  also  to  the  entire 
trunk,  than  in  the  Chimpanzee :  they  are  much  longer  in  both  pro- 
portions and  more  robust  than  in  the  Orangs  or  Gibbons.  But  the 
guiding  points  of  comparison  here  are  the  heel  and  the  hallux. 
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v%I?he  heel  in  the  Gorilla  makes  a  more  decided  backward  projection 
liishan  in  the  Chimpanzee ;  the  heelbone  is  relatively  thicker,  deeper, 
ticnore  expanded  vertically  at  ita  hind  end,  besides  being  fully  as 
»iloiig  as  in  the  Chimpanzee.  Among  all  the  tailless  Apes  the  cal- 
!>caneum  in  the  Siamang  and  other  Gibbons  least  resembles  in  its 
'■ii  shape  or  proportional  size  that  of  Man.  Although  the  foot  be 
k^  articulated  to  the  leg  with  a  slight  inversion  of  the  sole  it  is  more 
^  nearly  plantigrade  in  the  Gorilla  than  in  the  Chimpanzee.  The 
1^  Orang  departs  far,  and  the  Gibbons  farther,  from  the  Human  type 
1^  in  the  inverted  position  of  the  foot.  The  great  toe  which  forms 
^  the  fulcrum  in  standing  or  walking  is  perhaps  the  most  charac- 
,  teristic  peculiarity  in  the  Human  structure ;  it  is  that  modification 
'  which  differentiates  the  foot  from  the  hand,  and  gives  the  cha- 
racter to  his  order  {Bimana).     In  the  degree  of  its  approach  to 

this  developement  of  the  hallux  the  quadrumanous  animal  makes  a 

true  step  in  affinity  to  Man.     The  Orang-utan  and  the  Siamang, 

tried  by  this  test,  descend  far  and 

abruptly  below  the  Chimpanzee 

and    Gorilla  in  the   scale.      In 

the  Orang  the  hallux  does  not 

reach  to  the  end  of  the  metacarpal 

of  the  second  toe ;  in  the  Chim- 
panzee and  Gorilla  it  reaches  to 

the  end  of  the  first  phalanx  of 

the  second  toe :  but  in  the  Gorilla 

the  hallux  is  thicker  and  stronger 

than  in  the  Chimpanzee.  In  both, 

however,  it  is  a  true  thumb  by 

position,  diverging  from  the  other 

toes,  in  the  Gorilla,  at  an  angle  of 

60  degrees  from  the  axis  of  the 

foot. 

§191.   Skeleton  of  Bimana, — 

The  parts  of  the  bony  frame  of 

Man,  fig.  183,  are  co-ordinated 

for  station  and  locomotion  on  and 

by  the  pelvic  limbs,  which  sus- 
tain the  trunk  erect,  and  liberate 

the  pectoral,  now  the  upper  limbs, 

for  other  uses. 

A,  Vertebral  Co/um it.  ~  This  is  disposed  in  an  undulating  series 

of  opposite  curves,  fig.  362  ;  backward  in  the  chest  and  sacrum, 

forward  in  the  loins  and  neoL     The  vertebrse  which  rest  on  the 


Dtaimiii  of  the  curves  of  tbe  rerlebnl  r4>Iuniii.  as 
snpiMtrtcd  on  one  leg,  in  the  act  of  walking. 
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of  the  last  cervical  or  first  lumbar  vertebras  happen  to  be  elongitej  1 
and  free,  they  are  added  to  the  numbers  of  '  pairs  of  ribs*  in  at 
thropotomical  computation. 

As  a  rule,  the  coalesced  pleurapophjses  make  long '  taransvei^ 
processes'  in  the  lumbar  vertebrse ;  in  the  first  of  which,  as  cm- 
pared  with  the  last  dorsal,  the  centrum  is  much  increased  in  m, 
and  the  neural  spine  in  extent.     The  metapophysial  tubercles  trt 
also  enlarged,  but  do  not  project  so  fireely,  by  reason  of  the  ci- 
teusion  of  the  articular  surfaces  of  the  anterior  zygapophyses 
upon  the  inner  sides  of  their  base.     The  anapophjslal  tubercles 
are  still   distinct.     The   second  lumbar  yertSbra  chiefly  differs 
from  the  first  by  a  slight  increase  in  the  size   of   the  centnun 
and  in  the   length  of  the  diapophysis.     The    anterior  zygapo- 
physes  are  larger  and  look  more  directly  inwards.     Both  metapo 
physial  and  anapophysial  tubercles  are  distinct.      The  backward 
production  of  the  posterior  zygapophyses  occasioning  the  deep 
posterior  emargination  of  the  neural  arch  is  a  characteristic  dis- 
tinction of  the  Human  lumbar  vertebr®.     Both  metapophyaal 
and  anapophysial  tubercles  continue  distinct  on  the  third  lumbar 
vertebra.     The  body  of  the  fourth  lumbar  vertebra,  though  mudi 
broader,  is  not  longer  than  that  of  its  homologue,  the  third  lumbar, 
in  the  Chimpanzee.     It  likewise  shows  a  marked  diminution  in  the 
antero-posterior  extent  of  the  neural  arch,  occasioned  principally 
by  a  diminished  length  and  increased  breadth  of    the  posterior 
zygapophysis.     The  anapophysial  tubercles  are  distinctly  deve- 
loped.    The  fifth  lumbar  vertebra  is  characterized  not  only  by  its 
superior  size,  but  by  the  great  transverse  expansion  of  the  hinder 
part  of  the  neural  arch  concomitant  upon  the  superior  develop- 
ment and  outward  expansion  of  the  posterior  zygapophyses.    The 
diapophyses   and  neural  spine   are  shortened:  the   anapophyses 
appear  like  a  part  of  the  upper  border  of  the  base  of  the  diapo- 
physis pinched  up  and  produced  backwards.     The  metapophysial 
tubercles  are  separated  by  a  groove  from  the  anterior   zygapo- 
physes. 

The  sacrum,  fig.  366,  consists  of  five  anchylosed  vertebrae. 
They  differ  from  those  of  the  Gorilla  by  their  greater  breadth 
and  by  their  anterior  concavity  both  lengthwise  and  transversely. 
The  anterior  nervous  foramina,  A,  are  relatively  much  larger :  the 
spinous  processes  are  shorter  and  thicker.  The  coalesced  pleura- 
pophyses,  /?/,  A,  of  the  two  anterior  sacrals  chiefly  form  the  sacro- 
iliac joint.  The  neural  arch  of  the  last  two  sacral  vertebrae,  rf, 
c,  is  incomplete. 

The  first  coccygeal  vertebra,  ib.  c,  e,  is  less  flattened  and  is 
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shorter  than  in  the  Chimpanzee :  the  neurapophyscB,  b.  are  longer, 
the  diapophyses,  c,  are  shorter :  the  terminal  coalesced  vertebrie, 
c,  dy  are  reduced  to  their  *  centrums.'    Each  of  the  three  upper 
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Anterior  •urface  and  baae  of  human  ucrum. 
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sacral  vertebrae  are  developed  from  five  primary  nuclei,  one,  fig. 
367,  a,  for  the  centrum^  a  pair  for  the  neurapophyses,  and  a  second 
pair,  by  for  the  pleurapophyses :  the  accessory  ossifications  form, 
as  epiphyses,  the  articular 
surfaces  of  the  centrums. 
In  the  fourth  and  fifth 
sacrals  the  transverse  pro- 
cesses are  exogenously 
developed. 

The  spines  of  the  six 
lower  cervicals  are  short 
and  bifurcate.  As  a  rule, 
the  vertebrarterial  canal  is 
completed  in  the  seventh 
as  in  the  other  cervicals. 

In  the  atlas  there  is  a  tubercle  from  the  hypapophysis  repre- 
senting the  body,  and  a  rough  surface  on  the  neural  arch  in 
place  of  a  spine.  The  vertebral  artery  perforates  the  transverse 
process  lengthwise,  and  afterwards  grooves  the  neural  arch 
behind  the  produced  angles  of  the  anterior  zygapophysis.  The 
body  is  longer  and  deeper  in  proportion  to  its  breadth  than  in 
the  Gorilla.  The  surface  for  the  odontoid  is  more  nearly 
circular  and  better  defined.  The  cavities  for  the  condyles  are 
relatively  larger,  deeper^  with  their  maiginB  more  produced.    The 
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is   impressed  on  the  inner   side  by  the   lateral  sinus;  f  is  tl 

*  squamous  '   and  a  the   *  coronal '  suture.       The   fix)ntal,  p, 
joined  by  the  'external  angular  process,'  «,  to  the  makr,wiiki| 
with  the  alisphenoid,  divides  the  orbital  from  the  temporal  fo^  I 

The  alisphenoid,  «,  andco.) 
articulated    portion    of  p|.| 
rietal,  y,  divide  by  a  broafe  I 
tract  the  frontal,  F,  fromtk 
temporal^     T,     as    company  I 
with    ihe     Australian,     h 
more   intellectual  races  tlK 
cranial    cavity   is   relativdy  | 
larger,  especially  lof^er  an-^ 
wider.    The  fore-parts  of  the  I 
upper  and  lower  jaws,  con. 
comitantly  with  earlier  wean- 
ing, are  less    produced,  asj 
the   contour    descends  mow ' 
vertically    from    the    longe 
and  more  prominent  nasak. 
The  ascending  ramus  of  the 
mandible,  k,  is  loftier.    The 
malar,    t^    is     less    protube- 
rant, and  the  mastoid,  m,  more  so. 

The  vertical  longitudinal  section,  fig.  373,  of  a  well-formed 
European  skull,  best  exemplifies,  in  comparison  w^ith  fig.  395,  the 
characteristic  proportion  of  the  human  cranial  cavity.  The  basi- 
occipital,  1,  coalesces  with  the  basisphenoid,  5,  and  this  with  the 
presphenoid,  such  base  of  the  cranium  rising  as  it  advances.  The 
chief  part  of  the  foramen  magnum  is  formed  by  the  exoccipitals,  s ; 
the  plane  of  the  foramen  looks  downward,  widi  a  slight  inclinatioD 
forward.  The  superoccipital,  3,  is  expanded  and  bulged  outward 
by  the  cerebellum  and  posterior  cerebral  lobes.  The  petrosal, 
perforated  by  the  foramen  auditorium  internum,  is  is ;  between 
this  and  the  alisphenoid,  6,  is  the  squamosal ;  they  contribute  bat 
small  proportions  to  the  cranial  walls,  which  are  chiefly  due  to  the 
expanded  neural  spines  called  *  parietal,'  7,  and  *  frontal,'  ii,  with 
the  above-mentioned  superoccipital,  3  :  u  is  between  the  'orbito- 
sphenoid '  (*  lesser  ala  of  the  sphenoid,'  in  anthropotomy )  and  the 
coalesced  ^  prefrontals  '(*  perpendicular  plate  of  the  ethmoid  'with  the 

*  crista  galli,'  lb.).  The  rhinencephalic  fossa  is  shallow,  ill-defined, 
relatively  small,  and  floored  by  the  *  cribriform  plates.'  In  the 
nasal  cavity  the  inferior  *  turbinal,'  rf,  and  the  *  middle  turbinal,'c, 
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are  shown.  The  bony  palate  arched  both  lengthwise  and  trans- 
versely is  formed  by  the  palatines,  20,  maxillaries^  21 ,  and  small 
confluent  premaxillaries,  22,  supporting  the  incisor  teeth.  The 
pterygoid  appendage  is  marked  25. 
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Lon^tadinal  rertica)  lectlon  of  Saropean  akull. 

The  *  hyoid  bone,'  fig.  374,  consists  of  a  *  body  '  (basi-hyal),  two 
Cesser  comua'  (stunted  cerato-hyals),and  two  *  greater  cornua* 
(thyro-hyals).  The  body,  B,  41,  is  compressed  antero-posteriorly, 
curved  and  extended  transversely,  with  a  prominent  tubercle  from 
the  fore  part,  answering  to  that 
which  supports  the  *  glosso-hyal,' 
fig.  305,  ghy  in  the  horse ;  it  is  not 
expanded  and  excavated  behind, 
as  in  Apes.  The  cerato-hyals, 
40,  are  reduced  to  mere  pisiform 
nodules  of  bone  projecting  from 
the  line  of  union  of  the  basi-  and 
thyro-hyals.  The  ligaments  which 
pass  from  the  ^  lesser  comua '  to 
the  ^  styloid  processes '  represent 
the  rest  of  the  *  cerato-hyids'  with 
the  *  epihyals,'  in  primitive  scle- 
rous tissue.  The  greater  comua,  ^ 
46,  are  attached  to  the  body  by 
an  expanded  end  ;  a  layer  of  car- 
tilage intervenes  to  a  late  period  ; 
the  opposite  end  is  slightly  expanded  and  sometimes  bears  an 
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epiphysis  :  they  are  joined  by  ligament  to  the  thyroid  cartilig^;^! 
which  account,  although  homologous  with  a  pair  of  the*cmt&.l 
branchials'  of  fishes  and  batrachians,  they  are  termed  *  thyro-hyi.  I 
The  Human  skull  presents  yarieties  related  to  sex,  age,aa^l 
race.  Those  of  sex  are  exemplified  in  the  smaller  size  of  thefaoikl 
skull,  the  more  delicate  proportions  of  the  facial  bones,  themiin| 
prominence  of  the  malars,  mentum,  and  angles  of  the  jaw. 

In  the  skull  of  the  child  at  birth,  fig.  375,  the  jaws,  through  fc  I 
non-developement  of  the  teeth  and  their  sockets,  are  rektirelT  I 
smaller  than  in  the  adult ;  but  the  facial  angle,  owing  to  the  rap^  I 
growth  of  the  brain,  is,  perhaps,  nearer  to  the  Greek  ideal,  at  tk  I 
period  when  the  deciduous  teeth  are  b  I 
place :  both  the  cerebral   cavity  and  4?  I 
orbits  are  then  relatively  greater.  TheboDb 
of  the  face  are  shorter  vertically,  throngk  I 
the  non-developement  of  the  ethmoidal  ai^  I 
maxillary  sinuses ;  the  regular  convexity  of 
the  forehead  is  not  broken  by  the  promi- 
nences of  the  frontal  sinuses.    The  suturej 
of  the  cranium  are  more  linear,  less  den- 
tated,  and  more  numerous,    through  the ' 
non-coalescence  of  the  elements  of  the  adult  cranial  bones.    Tk 
angle  is  more  open  between  the  ascending  and  horizontal  nunib 
of  the  mandible :  the  mentum  is  vertical  or  recedes. 

In  the  adult,  fig.  371,  the  vertical  extent  of  the  jaws  is  in- 
creased by  the  growth  of  the  teeth  and  their  sockets,  while  the 
whole  face  is  expanded  by  the  developement  of   the  maxiUaiy 

sinuses  and  olfactory  carity, 
through  the  full  growth  of 
the  nasal  and  turbinal  bones 
and  of  the  ethmoidal  sinuses 
The  palatine  arch  has  ex- 
tended backward,  and  the 
posterior  nares  have  become 
more  vertical.  The  ascend- 
ing mandibular  ramus  fonns 
almost  a  right  angle  with 
the  horizontal  one  or  *  body ' 
of  the  bone. 


Skull  of  rhlld  Mt  birth. 
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RkuU  of  aged  individual. 


In  extreme  age,  fig.  376,  the  teeth  are  lost,  the  alveoh  become 
absorbed,  and  the  jaws  are  reduced  in  vertical  extent  to  infantile 
proportions.  The  mandibular  angle  again  becomes  more  open ; 
but  the  chin  projects  and  is  brought  nearer  to  the  nose  when  the 
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•  *aouth  is  shut     Some  of  the  ordinary  cranial  sutures  of  the  adult 
^•leccune  obliterated. 
"^'      Tlie  observed  range  of  ethnic  variety  in  the  configuration  of  the 
*■  Human  skull  and  proportions  of  its  parts  is  much  more  limited 
■^  :lian  in  domesticated  breeds  of  lower  IVIammals,  e.  g.  the  canine 
■"  races.      There  is  no  osteologieal  or  dental  difference  of  specific 
value.     Assuming  the  skull  of  the  Australian,  figs.  368 — 370,* 
^r-  to   be  the  lowest  known  form,  the  extent  of  variation  will  be 
■  exemplified  by  comparing  the  figures  given  with  corresponding 
I'  ones  of  the  European  skull,  figs.  389 — 391.      Besides  the  in- 
creased capacity  of  cranium  concomitant  with  increased  size  of 
the   intellectual  organ  in   the  educate<l  Man,  the  orbital  rim  is 
,.    more  sharply  defined,  though  thinned  and  less  protuberant ;  the 
-    nialars  are  less  prominent ;  the  nasals  more  prominent  and  longer  : 
the  alveolar  ]iarts  of  both  jaws  are  more  vertical  anteriorly,  and 
.    their  entire  extent  is  less,  owing  to  the  relatively  smaller  size 
and  less  complex  implantation  of  the  molar  series  of  teeth  ;  the 
ascending  ramus  of  the  mandible  is  deeper,  and  the  angle  less 
everted  or  squared.     The  jirofile  views,  figs.  369  and  390,  show, 
in  the  Australian,  the  greater  longitudinal  and   less  vertical  ex- 
tent of  the  face,  the  produced  jaws  and  receding  forehead,  the 
deep  depression  between  the  superorbital  ridge  and  the  shorter 
nasals:   the  base  views,  figs.  370  and  391,  whilst  exhibiting  the 
same  i)osition  of  condyles  and  great  foramen  in  relation  to  the 
erect  posture,  alike  diflferentiating  both  extremes  of  Humanity 
from  the  nearest  allied  Ape,  fig.  359,  show  the  vacuities  resulting 
from  the   stronger   zygomatic   arches   and  the    narrower   inter- 
temj)oral   part  of  the  cranium  in  the  Australian.     The  vertical 
longitudinal  section,  fig.  396,  also  shows,  as  compare*!  with  fig.  373, 
the  thicker  cranial  walls  of  the  Australian  and   the  absence  of 
frontal  sinuses.      But,  whilst  the  characters  brought  out  by  this 
comparison  are  pretty  constant  in  the  Australian  race,  they  are 
far  from  being  so  in  the  European :   and  this  difference  depends 
on  the  comparatively  uniform  low  intelligence  and  sameness  in  the 
mode  of  life  of  the  savage  as  compared  with  the  state  of  civilized 
man.     The  cranium  of  the  Australian  may  vary  somewhat  in  the 
degree  of  compression,  of  shelving  of  the  roof  from  the  mid-line  of 
the  vertex,  of  the  convexity  of  the  arch  from  before  backward ;  and 
in  the  presence  or  absence  of  the  suture  between  alisphenoid  and 
parietal :    but  besides  the  narrow  cranium,  with  its  contracted 
and  retreating  forehead  and  the  prognathic  jaws  conmion  to  the 
Melanian  races,  the  Australian  skull  is  characterized  by  the  thick 
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and  prominent  superorbital  ridge,  which  is  continued  tme^l 
glabella  and  overhangs  the  deep-set,  small^  and  slightlj  pmn 
nasals :  another  well-marked  characteristic  is  seen  in  tlie  bf  I 
proportional  size  of  the  molars,  premolars  and  canines,  butn^l 
especially  of  m  \  and  m  2,  and  in  the  almost  constant  distb>cdi| 
of  the  two  external  fangs  of  these  teeth^  in  both  jaws.  In  1 
skulls  the  vertex  is  raised,  and  the  sides  of  the  calvarimn  ^hA 
away  from  the  sagittal  elevation.  The  sutures  are  less  dentSHLl 
The  malar  bones  are  small,  but  moderately  prominent  and  nijj^dl 
The  alisphenoid  is  narrow,  and  the  squamosal  is  unusually  dc^l 
approximated  to  the  frontal,  if  it  does  not  directly  articukie  itm-I 
with.  The  frontal  sinuses  are  seldom  developed.*  Between  ik I 
extremes  brought  out  by  the  above  comparison  lie  subjectify  I 
ethnological  notice  of  cranial  diversity,  seemingly  inexhausubkl 
of  which  the  following  are  selected  examples. 

In  the  diminutive  Boschisman  race  of  South  Africa,  b^Kaej 
reckoned  amongst  the  lowest  of  the  aborigines  of  that  continent  I 
the  cranium,  figs.  377-379,  is  flatt«r  at  the  vertex  and  rektidji 
broader  at  the  parietal  protuberances  than  in  the  Australim  net 
and  the  forehead,  though  low  and  narrow,  is  more  prominenU  A I 
larger  proportion  of  the  alisphenoid  joins  the  parietal.   The  bonk 
of  the  orbit  is  thick  and  relieved,  but  the  superorbital  ridge  i 
not  carried  so  strongly  across  the  glabella  as  in  the  Aui*itralia| 
race,  and  the  origin  of  the  nasals  is  less  sunk :    the  nasals 
narrower  and  flatter  and  the  malar  protuberances   are  more  ».  | 
gularly  convex  and  prominent.      (The  prognathic   character  d 
the  jaws  is  affected  by  the  absorption  of  the  alveoli  due  to  age,  i 
the  specimen  figured.)' 
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Front. 


Side. 
Skull  of  Boschlsnum. 


The  cranium  of  the  Hottentot '  resembles  that  of  the  Boschis- 

'  Minor  characters,  such  as  the  snborhital  depression,  snpra-mastoid  ridgo^  &e^ 
are  cited  in  xliv.  pp.  805-830. 
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man,  in  tlie  contracted  but  almofit  vertical  forehead,  continued, 
with  a  very  slight  prominence  of  the  glabella,  to  the  narrow  flat- 
tened nasals,  and  in  general  shape :  the  malar  bones  are  equally 
prominent,  and  the  facial  parts  of  the  maxillaries  are  similarly 
depressed,  but  the  superorbital  ridges  are  less  thickened  and  less 
produced.  The  alisphenoid  joins  the  parietal  on  both  sides  of  the 
head.  The  molars  are  small  or  average-sized.  The  upper  border 
of  the  squamosals  is  on  a  level  with  the  fronto-malar  suture.  The 
superoccipital  region  rises  immediately  from  the  hinder  margin  of 
the  foramen  magnum. 

In  a  Negro  from  the  Gold  Coast,  Africa,'  the  cranium  is  large 
at  the  parietal  protuberances,  though  narrow  at  the  forehead. 
The  nasal  bones  are  broad  and  flat,  but  are  continued  from  the 
same  vertical  line  as  the  glabella.  The  alisphenoids  articulate 
largely  with  the  parietals.  The  jaws  are  produced.  The  molars 
are  not  larger  than  in  the  White  races.  The  cranial  walls  are 
thick  in  most  West-Coast  Negroes.  The  uneducated  African, 
like  the  uneducated  Europeaiiy  has  a  minor  cranial  capacity  than 
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Rido. 
Sknll  of  a  Grrenlander. 


the  educated  African  or  European,  but  this  becomes  a  race- 
character  only  when,  as  in  the  Australians  and  Tasmanians,  all 
are  sunk  in  barbarism,  or  none  risen  above  that  oldest  known 
state  of  man. 

In  the  skull  of  a  Greenlander,  figs.  380-382,^  the  cranium 
presents  an  elongate  form,  with  the  sides  sloping  from  a  median 
sagittal  eminence.  The  parietal  protuberances  are  feebly  de- 
veloped. The  glabella  is  not  very  prominent,  scarcely  produced 
above  the  root  of  the  nose :  the  superorbital  ridge  is  thin  and 
well  defined.      The  nasals  are  prominent :    the  upper  jaw  is  pro- 
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duced;  but  the  chief  characteristic  of  the  skull  is  presented  ^1 
the  large  and  prominent  cheek-bones,  the  lower  border  of  ibil 
terminates  a  plane  extending  from  the   ectorbital  proces  ^1 
ward,  outward,  and  forward.     The  zygomata  are  long  and  itn^| 
The  lower  jaw  is  large,  with  a  well-marked  chin.     ThoM  cb| 
racters  are  repeated,  with  slight  modifications^  in  Ae  Esqim 
but  with  varying  proportions  of  length  to  breadth  in  the  ( 
Among  the  Laplanders,  with  similar  characters  of  zygomatt  oil 
jaws,  and  the  sloping  of  the  calvarium  from  the  sagittal  Ym,k\ 
cranium  is  short,  averaging  6'90  inches,  with  a  4>readtli  rf  Sl^i 
inches.     But  the  so-called  ^pyramidal  type,'   as  exemplified al 
fig.  380,  and  in  most  races  inhabiting  high  northern  latitades,  ail 
extending  southward  in  Asia,  is  associated  with   both  long  (Mi 
chocephalic)  and  short  (brachycephalic)  crania.       Blumenbadil 
^  Mongolian'  characters  are,  in  the  main,   those  of  PritcharfJ 
*  pyramidal  type.'    Where  much  uniformity  of  manner  of  life  aid  I 
of  degree  of  mental  power  prevails,  as,  e.g.,  in  the  Lapps  and  I 
the  Esquimaux,  a  certain  constancy  of  cranial  character  is  aaeo- 1 
ciated  therewith :  where  difference  of  work  and  of  social  gnde  I 
creeps  in,  then  cranial  characters  become  inconstant.      TMs  k 
now,   manifested  instructively  by  extended    comparison  of  tk  | 
3g3  skulls  of  the  wide-spread  PoIt-  I 

^ ^^ ,^  nesian  peoples.      Prognathic  I 

is  still  the  most  constant  feature ' 
in  them,  concomitant  probaUT 
with  late  weaning  of  the  infmt 
It  is  a  conspicuous  chancto 
in  the  skull  of  the  native  of 
Tahiti,  fig.  383,'  in  which  the 
forehead  is  narrow^  and  sloping: 
the  parietal  protuberances  mo- 
derately developed  and  the 
cranium  of  moderate  length  ;  it  is  narrower  and  flatter  at  the  sides 
than  in  the  White  races  generally.  The  nasal  bones  are  prominent 
Of  the  varieties  exhibited  by  the  aborigines  of  the  two  American 
continents,  the  works  of  Dr.  Morton '  give  ample  evidence. 

In  the  skull  of  a  Macusi  Indian,  from  Guiana,  figs.  384,  385,* 
the  cranium  is  symmetrically  formed,  narrow  at  the  forehead, 
expanded  at  the  parietal  bosses,  with  the  broad  and  rather  low 
nasals  coming  off  in  a  line  with  the  glabella ;  the  upper  jaw  is 
produced,  but  the  zygomata  and  the  mandible  have  JBuropean 
characters. 
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Bkull  of  MacusI  Tndifln. 


The  cranium  of  a  Peruvian  of  the  modem  or  Inca  race  is  short, 
broad,  and  high,  especially  behind,  owing  to  the  habit  of  carrying 
the  infant  with  the  back  of  the  head  resting  upon  a  flat  board, 
the  pressure  usually  producing  a  slight  unsymmetrlcal  distortion  of 
the  occipital  part  of  the  skull.  The  forehead  is  narrow  and  receding. 
The  glabella  slightly  prominent.  In  the  older  race  the  cranium 
was  singularly  and  artificially  distorted  to  the  form,  e.g.,  shown 
in  figs.  387  and  388  ; '  in  which,  with  a  sudden  slope  and  slight 
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387 


388 


-^--^i 


8knll  of  Aiicivut  PernvlRn.  from  Titlraca, 
with  iirUflcialJy  eoustrlcted  cntnlnm. 


convexity  of  the  frontal,  there  is  an  annular  constriction  of  the 
cranium  behind  the  coronal  suture;  the  flattening,  constriction, 
and  elongation  having  been  produced  by  ligature  at  that  part 
during  infancy.  The  nasal  bones  arc  large,  moderately  promi- 
nent, and  continued  forward  from  the  same  sloping  line  with  the 
glabella.  The  jaws  are  much  produced,  but  the  chin  is  well  de- 
veloped. Notwithstanding  the  deformity  and  the  low  character 
imparted  artificially  to  this  skull,  the  cranial  cavity  isafl 

»  XLiv.  p.  844. 
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as  in  other  American  races :  the  brain  was  as  large,  butw^^l 
ferently  placed.  The  transverse  line  equally  bisecting  the  wl 
surface  of  the  skull  here  crosses  the  middle,  instead  of  thefei*.| 
part,  of  the  foramen  magnum. 

In  the  Indians  of  the  Columbia  River,  called  '  FlatJieid5,'4i| 
cranium  is  deformed  by  the  application  of  flattened  boards  to  4 1 
frontal  and  superoccipital  regions,  occasioning  a  singularly  ih\ 
pressed,  broad  or  side-bulging,  subelongate  figure.  But  they^j 
semble  most  other  Indians  in  the  large  and  almost  flattened  i 
being  continued  forward  in  a  line  with  the  glabella.  The  uppe  I 
jaw  is  produced,  and  the  chin  moderately  prominent. 

The  skull  of  the  Patagonian  agrees  in  general  shape  with  tk  I 
of  the  modem  Peruvian,  the  occiput  presenting  the  same  hdgk,  I 
breadth,  and  slight  unsymmetrical  flattening,  but  it  is  distinguyKd  I 
by  its  superior  size,  obviously  belonging  to  a  larger  race  of  m«. 
The  frontal  sinuses  are  well  developed.  The  nasal  bones  are  mr- 
row,  but  prominent.  The  malars  are  large  and  prominent  Tke  | 
upper  jaw  is  moderately  produced.  In  a  Fuegian  I  found  tk  ' 
cranium  subelongate,  moderately  expanded  at  the  parietal  bosses, ' 
with  a  narrow  and  protuberant  superoccipital ;  the  forehead  nii- 
row  and  low.  The  glabella  was  prominent,  and  the  nasals  pro- 
duced. The  malars  were  moderately  prominent ;  the  jawB  pro- 
gnathic ;  the  chin  well  developed.  The  base  of  the  skull  presented 
paroccipital  protuberances,  large  styliform  processes  of  the  sphe- 
noid, and  small  but  distinct  eustachian  processes  of  the  petrosal 
Traces  of  the  maxillo-premaxillary  suture  remained  on  the  palate. 
The  molar  teeth  were  of  moderate  size,  worn  on  the  inner  border 
in  the  upper  jaw  and  on  the  outer  border  in  the  lower  jaw. 

In  the  Indians  of  the  Pampas  the  head  is  generally  rounded, 
nearly  ellipsoid,  contracted  in  length  and  but  little  compressed 
laterally,  with  a  forehead  moderately  prominent  and  not  falling 
back.  In  the  Chiquitos  the  same  character  is  exaggerated  and 
the  head  is  nearly  circular,  while  in  the  Moxos  it  is  more  oUong: 
this  last  form  is  very  nearly  that  of  the  Guarani,  or  Paraguay 
Indians.  The  heads  of  the  Caribs,  as  well  of  the  Antilles  as 
of  Terra  Firma,  are  naturally  rounded.  The  skulls  of  the 
individuals  of  the  continental  Caribs  are  ovate,  viewed  firom 
above :  the  occiput  is  not  flattened  as  in  the  Peruvian  and 
Califomian  Indians,  but  is  moderately  prominent,  rounded  and 
rather  narrow.  The  forehead  is  narrow  and  slopes  with  a  gentle 
curve  directly  from  the  interorbital  space,  which  is  more  pro- 
minent than  the  supraciliary  ridges  and  has  no  median  vertical 
impression.     The  alisphenoid  presents  a  margin  of  half  an  inch  in 
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^  length  to  join  the  parietal  on  both  sides  of  the  head.     The  cheek- 
t^bones  and  lower  border  of  the  orbit  are  moderately  prominent : 
die  nasal  bones  are  continued  with  a  very  slight  depression  from 
fciilie  glabellar  prominence:  the  superior  maxillary  bones  are  pro- 
c^  duced :  the  lower  border  of  the  malar  process  of  the  maxillary 
l^  bone  is  slightly  concave.     The  lower  border  of  the  orbit  is  a  little 
ii^  more  concave  than  the  upper  one:  the  spheno-orbital  fissure  is 
ij  widely  open  anteriorly.     The  cranium  of  the  Macusi  Indian,  fig. 
^^  384,  is  more  oblong  and  ellipsoid,  viewed  from  above :  the  fore- 
^    head  is  broader,  the  parietal  region  narrower,  or  at  least  not 
^    broader,  than  it  is  in  the  shorter  crania  of  the  Carib  tribe.     The 
frontal  sinuses  cause  the  superorbital  ridges  to  project  beyond  the 
interorbital  space :  the  malar  bones  are  equally  prominent :  the 
outer  angle  of  the  malar  processes  of  the  maxillary  bones  over- 
hangs the  concave  line  leading  thence  to  the  alveolar  processes. 
The  general  character  of  the  facial  part  of  the  skull  resembles 
that  of  the  Patagonian  Indian,  but  the  prominent  convex  occiput 
and  general  form  of  the  cranium  approach  nearer  to  the  Carib 
form.     The  Carib,  Guianian,  and  Columbian  skulls  all  agree  in 
the  roundness  or  convexity  of  the  occipital  region,  and  diflfer  in 
this  respect,  as  well  as  their  more  symmetrical  figure,  from  the 
skulls  of  the  Peruvians,  Chilians,  and   Patagonians.     All  the 
American  skulls  manifest  the  same  inferiority  in  the  size  of  the 
true  molar  teeth  as  compared  with  the  skulls  of  the  Australians : 
the  incisors,  canines,  and  premolars,  or  bicuspides,  are  not  smaller 
than  in  the  Black  races. 

In  the  average  skull  of  the  Chinese  the  cranium  presents  the 
moderate  or  medium  proportions  of  length,  height,  and  breadth. 
The  sagittal  region  is  not  unusually  elevated.  The  plane  of  the 
glabella  is  slightly  affected  by  the  frontal  sinuses,  and  the  large 
and  prominent  nasals  are  continued  therefrom  with  a  very  slight 
depression.  The  malars  are  large  and  slightly  prominent.  The 
upper  jaw  is  not  produced.  The  chin  is  well  developed.  The 
paroccipital  tubercles  are  well  marked.  The  chief  distinction 
which  such  skull  presents  from  the  average  form  of  those  of 
European  races  is  in  the  size  and  prominence  of  the  malar  bones. 
Most  well-formed  skulls  of  educated  Whites  present  the  charac- 
teristics ascribed  by  Blumenbach  to  his  Caucasian  race.  The 
contour  of  the  cranium,  as  well  as  that  of  the  face,  is  oval :  the 
forehead  is  moderately  vertical,  high,  and  broad  :  the  nasal  bones 
are  prominent  and  well  developed :  the  malars  are  vertical,  and 
the  orbital  boundaries  are  neatly  defined.     The  i  ot 

produced  :  the  lower  jaw  has  the  chin  well  mart 
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The  range  of  variety  is,  however,  considerable-  From  a^I 
and  well-filled  European  graveyard  may  be  select^  spteacil 
of  '  klinocephalic '  (slope-  or  saddle-ekull), '  oonocepbalic'  {em\ 
skull),   •  brachycephalic '  (short-skull),    'dolichocephalic'  (h^| 


391 
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Rlllptical  cnmium  of  Karopean. 

skull),  'platycephalic'  (flat-skull),  * leptocephalic '  (sUni'^uL^ 
and  other  forms  of  cranium  equally  worthy  of  penta-  or  \m> 
syllabic  Greek  epithets.  There  are  varieties  in  the  degree  d 
projection  of  the  supranasal  and  superorbital  ridge,  but  never  «i- 
taining  that  exhibited  as  a  constant  and  specific  character  in  thf 
Gorilla,  fig.  395.  There  are  varieties  in  the  sutures,  in  the  tarn 
and  degree  of  their  obliteration,'  and  in  their  intercalated '  wormkti 
bones,  &c.  ic^ 

'  Rokitanski  *  appears  first  to  have  conceived,  in  relation  to  tbe  skuU  of  a  j^tiit; 
person  in  which  the  lower  ends,  for  rather  more  than  aa  inch,  of  the  coronal  sntun 
were  obliterated,^  that  it  was  the  cause  of  a  transverse  contraction  of  dio  craniuv  li 
that  part. 

What  this  skull  actually  shows  is  the  coincidence  of  partial  con  fl  ycnce  of  piuietalf  ■n4 
frontals  with  a  least  transverse  diameter  at  the  temporal  fo.csj^ti,  a  high  and  tiiW 
short  cranium,  with  a  general  inferior  capacity  of  the  brain-cas<^.  But  the  relAtioo  o( 
cause  and  effect  in  this  instance  is  not  reasoned  oat  by  the  great  pathologist.  The 
ultimate  or  adult  size  of  the  cerebrum  is  due  to  inherent,  or  inherited,  capacity  of 
brain-developemeut,  with  the  accident  of  such  culture,  or  of  the  absence  thereof,  through 
which  that  developcmcnt  might  be  influenced.  The  growth  of  the  brain  governs 
t|ie  capacity  of  the  cranium,  and,  in  a  general  way,  is  anterior  in  the  order  of  the 
phenomena :  it  influences  its  bony  case,  moreover,  not  by  mechanical  expansion, 
but  by  exciting  the  modelling  action  of  the  absorbents  in  co-operation  with  the 
arterial  depositors  of  the  bony  matter.  The  coronal,  sagittal,  and  lambdoid  snturps 
are,  as  a  rule,  and  in  the  cranium  in  question,  too  intricately  interwoven  to  admit  of 
any  forcible  drawing  asunder.     On  what  facts  it  is  assumed  that  the  obliteratios  of 


•  cxi'.  Bd.  ii.  p.  148:— •  Durch  seitliche  Synostose  der  Scheit^l-  und  Stim-beine, 
d.  h.  Verknocherung  des  seitlidien  unteren  Theiles  der  Kranznaht^  wird  eine  qaere 
Vereugerung  des  Scbadels  bedingt.* 

*  Figured  in  Lucae,  Tafel  VIIL 
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*:     The  progressive  superiority  of  the  cranial  over  the  facial 
^iddivisioD  of  the  skull  is  best  illustrated  in  the  Mammalian  class ; 
Wbut,  to  show  the  full  gradational  extent  of  diversity,  two  exam- 
ples, in  this  retrospective  summary,  are  borrowed  from  lower 

vertebrate  classes. 
^       In  the  cold-blooded  Crocodile,  fig.  392,  the  cavity  for  the  brain, 
i  in  a  skull  three  feet  long,  will 
r    scarcely   contain    a   man's  ^** 

thumb.      Almost    all    the 

skull  is  made   up  of  the 

instruments  for  gratifying 

an  insatiable  propensity  to 

slay  and  devour ;  it  is  the  material  symbol  of  the  lowest  animal 

passion.  333 

In  the  Bird,  fig.  393,  the 

brain-case     has     expanded 

vertically  and  laterally,  but 

is  confined  to  the  back  part 

of  the  skull.     In  the  small  ^^»»»' 

singing-birds,  with  shorter  beaks,  the  proportion  of  the  cranial 

cavity  becomes  much  greater. 

In  the  Dog,  fig.  394,  the  brain-case,  with  more  capacity,  begins 

to  advance  further  forward. 

In  the  Gorilla,  fig.  395,  the 

capacities   of  the  cranium 

and  face  are  about  equal.        mrz^^^^^m^m^'-^^^^s-^-'^'^ 

In  Man,  fig.  396,  the  era-        f^^^BR^fe^^^^^^ 
nial   area  vastly  surpasses 
that  of  the  face. 

A  difference  in  this  re-  ^*' 

spect  is  noticeable  between  the  savage  and  civilised  races  of 
mankind ;  but  it  is  immaterial  as  compared  with  the  contrast  in 
this  respect  presented  by  the  lowest  form  of  the  human  head,  fig. 
396,  and  the  highest  of  the  brute  species.  Such  as  it  is,  how- 
ever, the  more  contracted  cranium  is  commonly  accompanied  by 
more  produced  premaxillaries  and  thicker  walls  of  the  cranial 
cavity,  as  is  exemplified  in  the  negro  or  Papuan  skull. 

tbo  parts  named  of  the  coronal  sutare  caused  or  conditioned  ('  bedingt ')  the  trans- 
verse contraction  of  the  cranial  cavity  is  not  stated.  If  the  mechanical  idea  prevailed 
that  obliteration  of  a  suture  prevented  the  previously  distinct  bones  being  pulled 
apart,  so  as  to  allow,  or  stimulate,  disproportionate  growth  at  the  margins  of  the 
stretched  bones,  then  we  should  have  expected  that  the  elongation  of  the  cranial  box 
would  have  been  prevented  in  the  direction  at  right  angles  to  the  obliterated  suture, 
]^roducing  contraction  in  the  longitudinal  instead  of  in  the  transverse  direction. 
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If  a  line  be  drawn  from  the  occipital  condyle  along  thf  Innf « 
the  nostrils,  and  be  intersected  by  u  second   touching  tht  i 
prominent  parts  of  the  forehead  and  upper  jaw,  the  intcmiii,^  1 
angle   gives,   in  a  general  way,  the    proportions  of  tlie  mmt 
cavity  and  the   grade  of  intelligence;    it  is   called    the  *fi(^ 


395 


39fi 


angle.'  *  In  the  Dog  this  angle  is  20°  ;  in  the  Gorilla  it  is  4*r, 
but  the  prominent  superorbital  ridge  occasiona  some  eitaggeration: 
in  the  Australian  it  is  85° ;  in  the  educated  White  it  averages  %\ 
The  ancient  Greek  artists  adopted,  in  their  beau  ideal  of  the  b^n- 
tiful  and  intellectual,  an  angle  of  100. 

C.  Bones  of  the  Limbs. — The  Plunisin  clavicle,  fig,  18vl,  5&, 
is  more  slender  in  proportion  to  its  length,  and  its  cunes  ar« 
always  better  marked  than  in  the  great  Apes  :  tlie  tubercle  for 
the  conoid  ligament  is  usually  murt  developed.  The  peculi- 
arities of  the  Human  scapula,  as  brought  out  by  the  same  com- 
parisons, are  its  great  breadth  in  proportion  to  its  length,  the 
more  transverse  direction  of  the  spine  and  acrooilon,  and  the 
disproportionate  extent  of  the  subspinal  as  compared  with  the 
supraspinal  tract.  The  upper  angle  is  less  rounded ;  the  extent 
of  the  upper  border  between  that  angle  and  the  superscapukr 
notch  is  relatively  greater,  and  is  more  nearly  straight ;  the  notch 
itself  is  smaller  and  deeper.  The  smooth  triangular  surface  near 
the  origin  of  the  spine,  upon  which  the  trapezius  muscle  ghdes, 
is  relatively  greater.  The  surface  for  the  teres  minor  muscle,  on 
the  outer  side  of  the  bone,  near  the  lower  border,  is  broader ;  as 
is  that  for  the  teres  major,  nearer  the  lower  angle.  The  deep 
part  of  the  subscapular  bed,  being  parallel  with  the  attachment  of 

'  For  illastration    of  other  'angles/  e.g.   the  '  palato-facial*  and     '  basi-facul,' 
reference  may  be  made  to  cm*,  and  ex*,  p.  21,  pis.  x.  xi.  and  xii. 
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ri^e  spine  of  the  scapula,  is  situated  nearer  the  upper  border 
j^than  in  the  Gorilla  or  Chimpanzee.  The  surface  for  the  upper 
i^arigin  of  the  serratus  magnus  is  relatively  less  than  in  the 
^Gorilla.  The  long  narrow  surface  between  the  obtuse  lower 
boundary  of  the  subscapular  fossa  and  the  lower  border  of  the 
>c  scapula  is  flat,  or  is  less  concave  than  in  either  the  Gorilla  or 

Chimpanzee. 
^      The  humerus  of  the  male  Australian,  ib.  63,  is  more  slender 
^  than  that  of  the  average-sized  male  European ;    both  show  the 
inferior  developement  of  the  condyloid  processes  as  compared  with 
the  Gorilla;    and  the   same   difference   in  relation  to  muscular 
attachments  is  exemplified  by  the  lower  tuberosities  at  the  upper 
■    end  of  the  bone.     The  intercondyloid  perforation  is  occasiondly 
I    seen  in  the  Human  humerus.     The  characteristics  of  the  Human 
I    radius,  ib.  54,  are  its  greater  relative  shortness  to  the  humerus 
I    (seldom  noted  in  anthropotomical  descriptions  of  the  bone) ;  its 
'     more  slender  and  less  bent  shaft ;  the  better  definition  and  greater 
depth  of  the  grooves  for  the  three  tendons  acting  on  the  thumb 
at  the  back  part  of  the  distal  expansion,  and  the  more  produced 
styloid  process  ;  whilst  the  tuberosity  above  it  for  the  attachment 
of  the  supinatot  longus  is  much  less  developed  than  in  either  the 
Gorilla  or  Chimpanzee.     The  chief  distinctions  presented,  in  the 
same  comparison,  by  the  ulna,  ib.  55,  are  its  minor  length  com- 
pared with  the  humerus ;  its  greater  relative  slendemess ;  the  less 
proportional  expansion  of  the  proximal  end ;  the  somewhat  minor 
production  of  the  coronoid  process ;  and  the  greater  straightness 
of  the  shaft,  especially  on  the  side  view. 

In  the  Gorilla  the  hand  is  an  instrument  of  great  power  of 
grasp,  capable  of  easily  sustaining  the  weight  of  the  body  sus- 
pended by  the  fingers :  the  length  and  strength  of  the  whole 
pectoral  limb  accord  with  the  mechanical  adjustments  of  the 
hand  as  a  hook,  and  as  a  crutch  in  moving  along  the  ground. 
In  Man  the  framework  of  the  hand,  ib.  56,  57,  bespeaks  an 
organ  of  varied  and  delicate  prehension ;  and  the  form  and  pro- 
portions of  the  whole  upper  limb  relate  to  the  free  motions  and 
complex  functions  of  the  instrument.  In  Man  the  length  of  the 
three  bones  of  the  thumb,  i,  nearly  equals  one  third  the  length 
of  the  humerus :  in  the  Gorilla  it  is  little  more  than  a  fifth  of  that 
length.  The  metacarpal  oi  the  index  digit  in  the  Gorilla  is  twice 
the  length  of  that  of  the  poUex :  in  Man  it  is  little  more  than 
one  fourth  larger.  The  shafts  of  the  proximal  and  middle  pha- 
langes of  the  fingers  are  less  expanded  than  in  the  Gorilla ;  their 
distal  ends  are  broader  than  the  sliaft  instead  of  being  narrower : 
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characters  of  sex  and  race.  The  male  pelvis  is  shown  in  fig.  183, 
62,  63,  64  :  the  female  pelvis  in  fig.  399.  In  the  latter  the  sacniin 
is  relatively  wider,  and,  anteriorly,  it  is  less  concave  transversely 
above,  a,  more  concave  vertically  below,  b.  The  ilia  are  broader 
and  shorter,  with  more  capacious  fossae :  the  *  obturator  foramen '  is 
triangular ;  the  ischial  tuberosities  are  wider  apart,  and  the  sym- 
physis pubis  less  deep.  Ao- 
^^^  thropotomists    call  the  part 

which  is  above  the  linea  iik>- 
pectinea,  o,  J^,  and  promoi- 
tory  of  the  sacrum,  a,  the 
^  false  pelvis ;'  that  beneath, 
the  '  true  pelvis.'  Of  this 
the  *  brim,'  or  *  superior  cir^ 
cumference'  e,/,  A,  inclofiei 
the  *  inlet ' ;  the  *  inferkv 
circumference,'  bounded  by 
the  ischial  tuberositieB,  po- 

AutcHor  .lew  of  the  female  pelTU.  ^C     Symphysis,    and    tip    of 

the    coccyx,     incloses    the 

*  outlet '  of  the  *  true  pelvis.'  The  diameter  from  the  sacral  pro- 
montory, a,  to  the  pubic  symphysis,  i,  is  called  the  *  conjugate '  or 

*  antero-posterior '  one ;  that  between  the  ilia  taken  at  ^,/,  or 
half  way  between  the  sacro-iliac  joint  and  the  pectineal  eminence, 
is  the  '  transverse '  diameter ;  the  *  oblique '  diameter  is  between 
the  point  of  the  brim  nearest  the  pectineal  eminence,  c,  and  the 
sacro-iliac  joint  of  the  opposite  side,  d.  Of  the  pelvic  outlet  two 
diameters  are  noted — the  *  antero-posterior '  from  the  tip  of  the 
coccyx  to  the  lower  part  of  the  pubic  symphysis,  and  the  '  trans- 
verse '  taken  between  posterior  parts  of  the  ischial  tuberosities. 
The  following  may  be  regarded  as  the  normal  extent  of  the 
above  diameters  in  the  two  sexes  : — 

•  BRIM.* 

Transverse  . 
Oblique 
Antero-posterior  . 

*  OUTLET.' 

Transverse   . 
Antero-posterior  . 

In  Man  alone  are  the  boundaries  of  the  superior  outlet  on  one 
plane :  the  section  through  the  ilium,  in  fig.  400,  shows  this  to  be 
due  to  the  direction  of  the  body  of  the  pubis,  which  is  on  the  same 
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^  ^lane  with  that  of  the  cotyloHsacral  tract  of  the  ilium.  In  this 
^^MCtion,  a  a'  is  the  line  of  fulcrum  falling  in  the  transverse  vertical 
-^lane  of  the  trunk ;  c  c'  is  the  line  of  weight  passing  through  the 

^'centre  of  the  sacro-iliac  joint  \  bh'  i&  the  line  of  power ,  or  pubic 

^projection,  giving  attachment  to  the  extensor  muscles  of  the  thigh ; 

'^<d  d'  i&  the  line  of  sacral  projection ;  e  f  gives  the  ^  cotylo-sacral 


400 


401 


SecUou  Uurouffta  ootylo^aenl  areli :  Human 
pelvis,  or. 


Angles  of  inellnailon  and  axes :  Female  pelTls.  or. 


curve ; '  a'  A'  is  the  pubic  arm  of  the  lever;  a'  c'  is  the  cotylo- 
sacral  arm  \  a'  d'  gives  the  length  of  the  gluteal  arm ;  c'  d'  that 
of  the  posterior  spinal  arm.  In  the  diagram,  fig.  401,  the  lines 
a  ey  ecy  mark  the  angle  of  inclination  of  the  pelvis,  or  the  *  pelvi- 
vertebral  angle ; '  fg  d  gives  the  inferior  angle  of  inclination  of 
the  pelvis,  which  is  about  lO''  with  the  horizon,^  d.  The  two 
lines  of  the  superior  and  inferior  planes,  when  prolonged  ante- 
riorly, cut  each  other  at  c,  and  include  an  angle  of  about  50**, 
e  cf.  The  '  sacro- vertebral  angle '  is  shown  at  a  e  i,  which  is 
about  117**  in  the  male  and  130**  in  the  female.  The  angle  a  &  A, 
VOL.  II.  p  p 
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taken  through  the  long  diameter  of  the  pubic  ByinphTsk,!^^! 
complementary  angle  of  the  sacro-vertebral  one  in  the  im^\ 
owing  to  the  general  parallelism  of  the  pubic  with  the  aaoil 
wall  of  the  •  true  pelvis.'     The  '  axis  of  the  brim '  is  the  lineit.] 
drawn  from  the  centre   of  the   superior   plane  at  ri^t  u^l 
thereto.      The  *axis  of  the  inferior  outlet,*   n  p^  is  drawn « I 
right  angles  to  the  centre  of  the  inferior  plane.     The  axis  of  At  I 
pelvic  cavity,  /  <?  r  p,  is  an  irregular  parabolic  curve,  passing  fim  I 
the  fixed  axis  of  the  brim  and  moveable  forward,  througli  tk  I 
flexibility  of  the  coccyx  at  its  inferior  extremity,  with  the  mof^ 
able  axis  of  the  inferior  outlet,  with  which  it  coincides  below.^ 

The  observed  range  of  variety  in  the  Human  pelvis  is  restrictel  I 
to  some  slight  difierence  iu  the  breadth  and  curve  of  the  sacnm, 
in  the  contour  of  the  iliac  crest  (fig.  397,  a,  e,  ft),  in  the  intenpia 
between  the  ant-superior,  a,  and  ant.-inferior,  rf,  spines,'  ai^  ij  I 
proportions  that  modify  the  shape  of  the  upper  aperture  of  d^ 

*  true  pelvis,'  whereby  it  might  be  approximately  defined  as  '  ovil' 

*  oblong,'  *  round,'  or  even  approaching  to  *  quadrate.'     Accoit 
iQg  to  my  experience,  these  are  not  characteristic  of  race,  nor 
uniformly  concomitant  with  cranial  varieties,  as,  e.  g.  the  *  roimd* 
pelvis  with  the  '  brachycephalic,'  the  *  oblong '  with  the  *  dolidio- 
cephalic,'  or  the  *  square '  with  the  *  pyramidal '  form  of  skulL' 
Vrolik^  has  noted  a  more  vertical  direction  of  ihe  ilia,  and  tk 
proximity  of  the  highest  part  of  the  crest  to  the  posterior  supericff 
spine,  in  the  pelvis  of  a  Negro :  I  have  noted  the  smaller  and  nar- 
rower iliac  bones  of  an  Australian  female  as  compared  widi  an 
European  ;  ^  but  the  size  accorded  with  a  general  dwarfishness  of 
stature,  and  the  difference  of  proportion  was  too   slight  to  affect 
the   characteristic   human   configuration   of  the  bone.      Save  in 
regard  to  Europeans,  the  requisite  niunber  of  observations  of  the 
pelvis  in  the  same  races  or  tribes  of  mankind  is  yet  a  desideratunu 

In  the  typical  Mammalian  foot  the  digits  decrease  from  tije 
middle  to  the  two  extremes  of  the  series  of  five  toes  ;  and  in  the 
modifications  of  this  type,  as  traced  through  the  gradations  (p.  308, 
fig.  193),  the  innermost,  i,  is  the  first  to  disappear.  In  Man  it  is 
the  seat  of  excessive  developement,  and  receives  the  name  of  *  hal- 
lux,' or  ^  great  toe ;'  it  retains,  however,  its  characteristic  inferior 
number  of  phalanges.  The  tendons  of  a  powerful  muscle,  which 
in  the  Orangs  and  Chimpanzees  are  inserted  into  the  three  middle 
toes,  are  blended  in  Man  into  one,  and  this  is  inserted  into  the 
hallux,  upon  which  the  force  of  the  muscle  now  called  *  fiexor 
longus  hallucis  '  is  exclusively  concentrated. 

»  cv.  pp.  1.33-135.  «  xLiv.  p.  839  (Polynesian).  "  cvi-. 

*  cv'ir.  *  XLiv>p.  806. 
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*^  ^  The  arrangement  of  other  muscles,  in  subordination  to  the 
^peculiar  developement  of  this  toe,  makes  it  the  chief  fulcrum  when 

^fche  weight  of  the  body  is  raised  by  the  power  acting  upon  the 
^heel,  the  whole  foot  of  Man  exemplifying  the  lever  of  the  second 
•  <JdndL  The  strength  and  backward  production  of  the  heel-bone 
^  relate  to  the  augmentation  of  the  power.     The  tarsal  and  meta- 

?:  tarsal  bones  are  coadjusted  so  as  to  form  arches  both  lengthwise 

>  and  across,  and  receive  the  superincumbent  weight  from  the  tibia 
^-  on  the  summit  of  a  bony  vault,  which  has  the  advantage  of  a  cer- 
^  tain  elasticity  combined  with  adequate  strength.  In  proportion  to 
^  the  trunk,  the  pelvic  limbs,  fig.  183,  66-68,  are  longer  than  in  any 
»  other  animal;  they  even  exceed  those  of  the  Kangaroo,  fig.  211, 
i    and  are  peculiar  for  the  superior  length  of  the  femur,  fig.  183,  65, 

>  and  for  the  capacity  of  this  bone  to  be  brought,  when  the  leg  is 
y    extended,  into  the  same  line  with  the  tibia,  ib.  66.     The  inner 

condyle  of  the  femur  is  longer  than  the  outer  one,  so  that  the  shaft 
inclines  a  little  outward  to  its  upper  end,  and  joins  a  neck  longer 
than  in  other  animals,  and  set  on  at  a  very  open  angle.  The 
weight  of  the  body,  received  by  the  round  heads  of  the  thigh- 
bones, is  thus  transferred  to  a  broader  base,  and  its  support  in  the 
upright  posture  facilitated.  The  pelvis  is  modified  so  as  to  receive 
and  sustain  better  the  abdominal  viscera,  and  to  give  increased 
attachment  to  the  muscles,  especially  the  '  glutei,'  which,  com- 
paratively small  in  other  Mammals,  are  in  Man  vastly  developed, 
to  balance  the  trunk  upon  the  legs,  and  reciprocally  to  move  these 
upon  the  trunk.  In  comparison  with  that  of  the  Apes  the  Hu- 
man femur  is  distinguished  by  its  greater  length,  both  absolute 
and  relative  to  the  trunk,  by  the  more  angular  and  less  cylindrical 
shape  of  the  shaft ;  by  its  forward  bend,  and  the  buttress-like  deve- 
lopement of  the '  linea  aspera ; '  by  the  greater  projwrtional  expanse 
of  the  distal  end,  especially  at  and  above  the  inner  condyle,  and 
by  the  greater  backward  production  of  both  condyles,  especially  of 
the  inner  one.  Only  in  the  Chimpanzee  and  Gorilla  is  the  ^  cer- 
vix femoris  '  relatively  as  long  as  in  Man  ;  but  it  stands  out  at  a 
different  angle,  and  the  femora  are  parallel,  fig.  340,  65,  not  con- 
verging to  the  knee-joints,  through  the  double  obliquity  of  *  neck  ' 
and  '  shaft '  which  characterises  the  human  femur,  fig.  183, 65.  The 
great  trochanter  does  not  rise  so  high  as  the  head  of  the  bone  in 
Man :  the  small  trochanter  is  more  prominent  and  circumscribed. 
The  tcnninal  expansion  of  the  shaft  is  chiefly  toward  the  inner  or 
tibial  side.  The  major  part  of  the  rotular  suiftoe  18  on  the  outer 
condyle. 

After  the  femur,  the  tibia,  66,  is  the  longe  deton 

pr  2 
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in  Man :  in  the  Gorilla  it  is  the  shortest  of  all  the  long  bones  of 
the  limbs :  the  Human  tibia  also  differs  from  that  of  the  Grorilla  in 
the  more  equable  diameter  of  the  shaft  and  more  parallel  contour 
of  the  outer  and  inner  sides,  with  a  considerable  reduction  of  the 
interosseous  space  between  it  and  the  fibula.  The  crest  descends 
in  Man  near  the  middle  of  the  anterior  surfieu^e  of  the  shaft,  with 
a  slightly  sigmoid  or  wavy  course.  The  lower  articular  soi&ee 
is  uniformly  concave  from  before  backward,  and  is  oontmned  at 
a  less  open  angle  and  to  a  greater  extent  upon  the 
face  of  the  inner  malleolus,  the  articulation  with  the 
being  deeper  and  firmer  than  in  the  Grorilla  and  other  apes.  Ihs 
outer  or  fibular  malleolus  descends  in  Man  lower  and  nme  TVti- 
cally  than  the  inner  malleolus,  interposing  a  greater  obstade  Id 
lateral  inflections  of  the  foot  upon  the  1^  than  in  the  GhNrilliL  Ihs 
foot  is  shorter  in  proportion  to  the  1^,  in  Man,  than  in  may  Qhf> 
drumane,  and  is  so  articulated  that  the  sole  is  directed  dowiiiiaid; 
the  tarsus  is  longer  and  narrower.  The  entocuneifbnn  pmseali  a 
flat,  reniform  surface,  anteriorly,  to  the  base  of  the  i*«llM'-  Us 
four  outer  toes  are  very  slender  compared  with  the 
and  their  proximal  and  middle  phalanges  are  very  feeble  < 
with  those  of  the  Gorilla :  all  the  five  toes  have  the  i 
forward.* 

The  osseous  texture  of  the  Human  bones  is  remarkable  fisr  its 
delicacy  and  finish :  it  is  exemplified  in  fig.  402  by  longitudinal 
sections  of  parts  of  the  three  chief  bones  of  the  pelvic  limh.  In 
the  section  of  the  upper  end  of  the  femur,  a,  the  outer,  compact 
tissue,  a,  is  extremely  thin  upon  the  head  of  the  bone,  bq;in8  to 
gain  thickness  at  its  under  part,  and  at  the  corresponding  part  of 
the  great  trochanter,  and  increases  until  it  forms  the  wall  of  the 
medullary  cavity.  In  the  cancellous  or  reticular  tissue  forming 
the  substance  of  the  head  and  neck,  a  tendency  to  a  radiating^  dis- 
position, diverging  from  the  under  part  of  the  neck,  and  fiivour- 
able  to  strength,  may  be  discerned  in  the  principal  laming.  In 
the  head  of  the  tibia,  B,  the  compact  tissue  is  also  very  thin, 
where  it  encloses  the  reticular  structure  occupying  the  proximal 
end,  and  becomes  thicker  as  that  structure  is  absorbed.  In  both 
the  tibia  and  fibula  is  shown  the  line  indicative  of  the  union  of 
the  upper  *  epiphysis '  "with  the  '  shaft : '  and  in  the  femur  there 
is  a  similar  indication  of  the  epiphysial  condition  of  the  great 
trochanter. 

The  more  constant  sesamoid  bones  of  the  Human  skeleton, 

*  For  the  details  of  h  comiaribon  of  the  linib-boncb  of  Man  with  those  of  the  Ape», 
>cc  cm-,  vol.  v.  p.  I,  pU.  i."Xiii. 
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which  have  an  articular  facet  playing  upon  a  joint,  are  the 
*  patella/  fig.  183,  66^  the  pair  beneath  the  metatarso-phalangial 
joint  of  the  great  toe,  and  the  pair  at  the  corresponding  part  of 
the  thumb.  Of  those  playing  on  surfaces  of  bone,  there  is  one  in 
the  tendon  of  the  peroneus  longus  which  glides  on  the  groove  of 

402 


Beettons  of  A  femnr,  B  tibia,  and  flbnia. 

the  cuboid ;  one  in  the  tendon  of  the  tibialis  anticus  opposite  the 
smooth  facet  on  the  entocuneiform ;  one  in  the  tendon  of  the 
tibialis  posticus  opposite  the  inner  side  of  the  astragalus;  and 
one  (fabella)  iti  the  outer  head  of  the  gastrocnemius  behind  the 
outer  condyle  of  the  femur.  The  os  penis,  common  in  Quadru- 
manOf  is  never  developed  in  Man. 

D.  Relations  to  Archetype. — Finally,  in  regard  to  the  skeleton 
of  Bimana,  there  remain  a  few  observations  on  its  relations  to  the 
general  vertebrate  archetype  (vol.  i.  fig.  21),  from  which  it  de- 
parts so  widely. 

The  skull  shows  the  following  extreme  modifications.  In  the 
occipital  segment  the  hfemal  arch  is  detached  and  displaced,  as  in 
all  Vertebrates  above  fish ;  its  pleurapophysis  (scapula,  fig.  403, 
/?/,  5i)  has  exchanged  the  long  and  slender  for  the  broad  and  flat 
form ;  the  haemapophysis  (coracoid,  52)  is  rudimental,  and  coalesces 
with  51 :  the  diverging  appendage,  53-57,  of  this  arch  becomes  the 
*  pectoral  limb.'     The  neurapophyses  (exoccipitals,  2)  coalesce  with 
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the  neural  spine  (superoccipital,  3),  and  next  with  the  ceoti^l 
(basioccipital).  This  afterwards  coalesces  with  the  centrum  (Wi 
sphenoid,  5,  c)  of  the  parietal  segment.    With  this  centrum  ako4>  ] 


403 


Vertebral  •egments  ihown  tn  tlie  I 


1  CobM  skeleton,  cxi^ 


neurapophyses,  called  *  alisphenoids,'  n,  the  centrum  of  the  frontal 
vertebra,  called  *  presphenoid,'  and  its  neurapophjses  (orbito- 
sphenoids,  10),  become  anchylosed.    The  neural  spine  (parietal,:) 
retains  its  primitive  distinctness,  but  is  enormously  expanded,  and 
is  bifid,  in  relation  to  the  vast  size  of  the  brain  in  Man.     The 
parapophysis  (mastoid,  fig.  404,  c)  becomes   confluent  with  the 
otic  capsule  (petrosal),  the  tympanic,  </,  squamosal^  a,  and  with 
the  pleurapophysis,  called  *  stylo-hyal,'  fig.  403,  38,  of  the  haemal 
(hyoidian)  arch.      The  haemapophysis  is  ligamentous,  save  at  its 
junction  with  the  hasmal  spine  when  it  forms  the    ossicle  called 
*  lesser  comu  of  the  hyoid  bone,'  ib.  40,  the  spine  itself  being  the 
basi-hyal,  41.     The  whole  of  this  inverted  arch  is  much  reduced 
in  size,  its  functions  being  limited  to  those  of  the  tongue  and 
larynx,  in  regard  to  taste,  speech,  and  deglutition.       The  neur- 
apophyses  (orbitosphenoids,  10)  becoming  confluent  with  the  cen- 
trum (presphenoid,  9)  of  the  frontal  vertebra,   and    the    latter 
coalescing  with  that  of  the  parietal  vertebra,  the  compound  bone 
called  *  sphenoid '  in  Anthropotomy  results,  which  combines  the 
centrums  and  neurapophyses  of  two  cranial  vertebrae,  together 
with  a  diverging  appendage  (pterygoid)  of  the  maxillary  ardu 

The  knowledge  of  the  essential  nature  or  'general  homology' 
of  such  a  compound  bone  gives  a  clue  to  the  phenomena  of  its 
developement  from  so  many  separate  points,  which   neither  em- 
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Elements  of  Hnman  '  temporal  bone/  ontctde 
view :  the  confluent  ear-capsule,  called '  pe- 
trous portion,'  is  not  here  seen. 


bryology  nor  teleology  could  have  afforded.  As  the  centrum,  6, 
becomes  confluent  with  i,  a  still  more  complex  whole  results, 
which  has  accordingly  been  described  as  a  single  bone,  under  the 
name  of  ^  os  spheno-occipitale  '  in  some  anthropotomies.  Such  a 
bone  has  not  fewer  than  twelve  404 

distinct  centres  of  ossification, 
corresponding  with  as  many  dis- 
tinct bones  in  the  cold-blooded 
animals  that  depart  less  from  the 
vertebrate  archetype.  The  spine 
of  the  frontal  vertebra  (frontal 
bone)  is  much  expanded  and 
bifid,  fig.  405,  d,  d,  like  the 
parietal  bone ;  but  the  two 
halves  more  frequently  coalesce 
into  a  single  bone,  with  which 
the  parapophysis  (postfrontal,  b) 
is  connate.  Much  of  the  hsemal  arch  is  consumed  by  the  rapidly- 
growing  *  ossicles  of  the  ear,'  and  the  proper  pleurapophysis  (tym- 
panic bone,  fig.  404,  d)  is  reduced  to  the  function  of  supporting 
the  ear-drum,  b ;  and  becomes  anchylosed  to  the  squamosal,  a,  and 
mastoid,  c.  The  haemapophysis,  fig.  403, 29,  hs,  is  modified  to  form 
the  dentigerous  lower  jaw,  but  articulates,  as  in  other  Mammals, 
with  a  diverging  appendage  (squamosal,  27),  of  the  antecedent 
haemal  arch,  now  interposed  between  it  and  its  proper  pleur- 
apophysis ;  the  two  haemapophyses,  originally  separate,  as  in  fig. 
405,  become  confluent  at  their  distal  ends,  forming  the  sym- 
physis mandibulae. 

The  centrum  of  the  first  or  nasal  vertebra,  like  that  of  the  last 
vertebra  in  Birds,  is  shaped  like  a  ploughshare,  and  is  called 
*  vomer,'  fig.  403, 13 ;  the  neurapophyses  have  been  subject  to 
similar  compression,  and  are  reduced  to  a  pair  of  vertical  plates, 
which  coalesce  together,  ib.  14,  and  with  parts  of  the  olfactory 
capsules  (upper  and  middle  turbinals),  forming  the  compound 
bone  called  ^  ethmoid.'  The  prefrontals  assume  this  confluence 
and  concealed  position  even  in  some  fishes — Xiphiasj  e.  g. — and 
repeat  the  character  in  all  Mammalia  and  in  most  Birds ;  but 
they  become  partially  exposed  in  the  Ostrich  and  Batrachia. 
The  spine  of  the  nasal  vertebra  (nasal  bones,  ib.  15)  is  usually 
bifid,  like  those  of  the  two  succeeding  segments ;  but  it  is  mudi 
less  expanded.  The  haemal  arch,  called  '  maxillary,'  is  formed  by 
the  pleurapophyses  (palatines,  «o)  and  by  the  haemapophyses 
(maxillaries,  21),  with  which  the  halves  of  the  bifid  hasmal  spine 
(premaxillaries,  22)  are  partly  connate,  and  become  completely 
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next  in  advancie  (or  above).  The  hasmapophyses,  A,  are  grisdj  and 
interposed  between  the  pleurapophyses  and  the  hsemal  spines,  the 
conversion  of  which  into  the  ^sternum'  has  been  already  explained. 
The  fact  of  this  short  and  slender  bone  in  Man  being  ossified 
from  a  longitudinal  series  of  centres  (fig.  364,  b)  is  learnt  finom 
embryology,  the  reason  from  general  homology.  The  hcnud 
spine  here  repeats  the  variability  of  its  homotype,  the  neural  one, 
being  sometimes  entire,  sometimes  bifid  (ib.  c,  d).  In  the  three 
succeeding  segments  the  pleurapophyses  become  shorter  and  the 
hasmapophyses  are  attached  by  their  attenuated  ends  each  to  that 
in  advance.  In  the  next  two  segments  the  still  shorter  pleur- 
apophyses resume  the  exclusive  articulation  with  their  proper  cen- 
trum and  terminate  freely.  The  centrum  and  neurapophyses  of 
each  of  the  segments,  with  free  and  elongate  pleurapophyses,  con- 
stitute by  their  coalescence  the  ^dorsal  vertebrae,*  which  ire 
^  twelve '  in  number.  Each  of  the  five  succeeding  segments  is 
represented  by  the  centrum,  neural  arch,  and  short  confluent 
pleurapophyses,  forming  the  *  lumbar  vertebrae : '  the  hasmapo- 
physes of  these  segments  are  represented  by  the  '  inscriptioiiei 
tendineae  musculi  recti,'  h'y  which  are  the  homologues  of  the  gristly 
or  bony  *  abdominal  ribs '  of  reptiles.  The  constitution  of  the 
Human  ^os  sacrum'  has  already  been  given.  Part  of  a  sacnl 
pleurapophysis  expands  to  form  the  *  ilium,'  fig.  403,  62,  pL  Two 
haemapophyses  called  ^  ischium,'  6S,  and  pubis,  64,  coalesce  with 
62  to  constitute  the  *  innominatum : '  the  inverted  arch,  supportiiig 
the  appendage  which  becomes  developed  into  'pelvic  limb,'  i« 
completed  by  the  ischio-pubic  symphysis. 
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History  of  the  City  of  Borne 

its  Foundation  to  the  Sixteenth  C«ii 
the  Christian  Era.  By  Thomas  IL 
LL.D.     8vo.  with  2  Maps,  lU 

History  of  the  Homans  t 
the  Empire.  By  Charles  Mekivai 
Chaplain  to  the  Speaker.  Cabinet  I 
with  Mape,  complete  in  8  vols,  post  8i 

The    Pall    of    the     Boman 

public  :  a  Short  History  of  the  La» 
tury  of  the  Commonwealth.  Bv  xhi 
Author.     12mo.  7#.  6dL 

The  Conversion    of  the  Be 

Emphc;  the  Boyle  Lectures  for  tb 
1864,  delivereil  at  the  Chapel  RovalJ 
hall.  By  the  same.  2nd  Edition.  *8va 

The  Conversion  of  the  Nort 

Nations ;  the  Boyle  Lectures  for  Ift^ 
the  same  Author.     8vo.  8*.  CdL 

Critical   and    Historical    Ei 

contributed  to  the  Kdinburyh  JU'-ia 
the  Right  Hon.  Lord  Macaulat. 
Library  Edition,  3  vols.  8vo.  3^ 
Cabinet  Edition,  4  vols,  post  tr 
Tr^u'eller's  Edition,  in  1  vol.  2 
Pocket  Edition,  S  vols,  fcp.  2U 
People's  Edition.  2  vols,  croxm  8 
History  Of  the  Rise  and  Influ* 

of  the  Spirit  of  Rationalism  in  Eurow 
W.  lu  H.  Lecky,    M.A.     Third  E< 

2  vol?.  8ro.  25«. 

The  History  of  Philosophy,  i 

Thaks  to  the  Present  Day.  Bv  Ge 
Henry  Lewes.  Thinl  Edition."  part 
written  and  greatly  enlarge.l.  In  t 
Xoul.  Ancient  Philosophy:  Vol.  II 
dern  Philosophy,  \\'early  rr-. 

History  of  the  Inductivo  Sciex 
By  William  Whewkll,  D.D.  F  a: 
Master  of  Trin.  Coll.  Cantab.  Tliird  E^ 

3  vols,  crown  8vo.  2U. 

Egypt's  Place  in  Universal 

tory  ;  an  Historical  Investii-ition. 
C.  C.  J.  BtNSEN,  D.D.  TronXe 
C.  H.CoTTKELi.M.A.  With  many 
t  rat  ions.  4  vols.  8vo.  £,5  Sm.  VoL 
nearly  ready,  completing  the  worh. 

Maimder's  Historical  Treasn 

comprisini,- a  General  Intn>luctorv  Oi 
of  Universal  History,  and  a  S<jriei  •€' 
rate  Histories.    Fc^k  10*. 

Historical  and  Chronological 

orol.>r«dia,  pre^nting  in  a  brief  and 
venient  form  ChronologioaJ   Notice* 
the  Great  Events  of  rnirersal  Hi^iorr. 
R  B.  Wonnw^RD.  F.f^^.  UUrnri^u 
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History  of  the  Christian  Churoh, 

firom  the  Aaceaaion  of  Chriat  to  the  Conver- 
Bion  of  CoDatantine.  By  £.  Burton,  D.D. 
late  Regiua  Prof,  of  Divinity  iu  the  Uui- 
veraity  of  Oxford.  Eighth  Edition.  Fcp. 
8i.€d 

Sketoh  of   the  History  of  the 

Church  of  England  to  the  Revolution  of 
1688.  By  the  Right  Rev.  T.  V.  Short,  D.D. 
Lord  Biahop  of  St.  Aaapli.  Seventh  Edition. 
Crown  8vo.  10#.  6d, 


History  of   the   Early  Church, 

firom  ^e  First  Preaching  of  the  Gospel  to 
the  Council  of  Nicsa,  a.d.  825.  By  the 
Author  of  *  Amy  Herbert.'   Fcp.  is.  6d, 

History  of  Wesleyan  Methodism. 

By  George  Smith,  F.A.3  Fourth  Edition, 
with  numerous  Portraits.  8  vols,  crown 
8vo.  7«.  each. 

The    English    Beformation.     By 

F.  C.  Massooberd,  M.A.  Chancellor  of 
Lincoln.  Fourth  Edit,  revised.  Fcp.  7«.  Sii. 


Biography  and  Memoirs. 


Life    and     Correspondenoe     of 

Bichard  Whately,  D.D.  late  Archbishop  of 
Dublin.  By  E.  Jane  Whately,  Author  of 
*  Engliah  Synonymes.'  With  2  Portraits. 
2  vols.  8vo.  28j. 

Extracts  of   the    Journals    and 

Correspondence  of  Miss  Berry,  from  the 
Year  1783  to  18j2.  Edited  by  Lady 
Theresa  Lewis.  Second  Edition,  with  8 
Portraits.    3  vols.  8vo.  i29. 

The  Diary  of  the   Bight   Hon. 

William  Windham,  M.P.  From  1783  to 
1809.  Edited  by  Mrs.  H.  Baijino.  8vo.  18s. 

Life  of  the  Duke  of  Wellington. 

By  the  Rev.  G.  R.  Gleio,  M.A.  Popular 
Edition,  carefully  revised;  with  copious 
Additions.  Crown  8vo.  with  Portrait,  bs. 
lafe  of  the  Duke  of  Wellington,  partly 
from  M.  Brialmokt,  partly  from  Original 
Documents  (Intermediate  Edition).  By  Bev. 
G.  K.  Gleio,  M.A.    8vo.  with  Portrait,  15«. 

Brialmont  and  Gleig's  Life  of  the  Duke 
of  Wellington  (the  Parent  Work).  4  vols. 
8vo.  with  Illustrations,  £2  lis. 

Iiife  of  Bobert  Stephenson,  F.H.S. 

By  J.  C.  Jeaffresox,  Barristcr-at-Law ; 
and  William  Pole,  F.R.S.  Member  of  the 
Institution  of  Civil  Kugineers.  With  2 
Portraits  and  17  Illustrations  on  Steel  and 
Wood.    2  vols.  8vo.  82«. 

History  of  my  Beligioiis  Opinions. 

By  J.  II.  Newman,  D.D.  Being  the  Sub- 
stance of  Apologia  pro  Vit4  bua.  Post 
8vo.  6#. 

Father    Mathew:   a  Biography. 

By  JoHK  Fkaxcis  Maguirb,  M.P.  Popular 
Edition,  with  Portrait.  Crown  8vo.  3«.  M. 
Borne :  ita  Bulers  and  its  Institutions. 
By  the  same  Author.  New  Edition  iu  pre- 
paration. 


IiOtters    and    Life   of    Franoia 

Bacon,  including  all  his  Occasional  Works. 
Collected  and  edited,  with  a  Commentary^ 
by  J.  Speddino,  Trin.  Coll.  Cantab.  ToLS. 
L  and  II.    8vo.  2is. 

Some  Aocount  of  the  Life  and 

Opinions  of  a  Fifth-Monarchy  Man,  chiefly 
extracted  from  the  Writings  of  John 
Rogers,  preacher.  Edited  by  the  Rev. 
Edwaud  Rogers,  M.A.  Student  of  Christ 
Church,  Oxford.    Cro^\-n  4to. 

INearli/  rtady. 

Life  of  Amelia  Wilhelmina  Sieve- 
king,  from  the  German.  Edited,  with  the 
Author's  sanction,  by  Catheuine  Wis k- 
woBTiL   Post  8vo.  with  Portrait,  12«. 

Mozart's  Letters  (1769-1791), 

translated  fro.n  the  Collection  of  Dr. 
Lu  D  WIG  Noil  L  by  Lady  Wallace.  2  vols, 
post  8vo.  with  Portrait  and  Facsimile,  18s. 

Beethoven's  Letters  (1790-1826), 

from  the  Two  Collections  of  Drs.  Nohl 
and  Vox  Kochel.  Translated  by  Lady 
Wallace.    2  vols,  post  8yo.  Portrait,  ISi. 


I  Felix  Mendelssohn's  Letters  firom 

j        Italy  and  Switza-Iandf  and  Letters  from  1888 

;       (o  1847,  translated  by  Lady  Wallace.  With 

Portrait.    2  vols,  crown  8vo.  5s.  each. 

BecoUeotions  of  the  late  William 

WUbeiforce,  M.P.  for  the  Connty  of  York 
during  nearly  SO  Tears.  By  J.  S.  Habforo, 
F.R.S.    Second  Edition.    Post  8vo.  7s. 

Memoirs  of  Sir  Henry  Havelock, 

K.C.B.  By  JoHK  Clabk  Mabshmah. 
Second  Edition.    8vo.  with  Portrait,  12i.  6d. 
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in  Koclemitfrtifial  Biogra- 

pfaj."  Bj  the  Right  Hon.  Sir  J.  Ststhbt, 
LLJ>.    Fomth  Editioii.    Sra  14t. 

piognpbieB  of  DistiiigiDshied  Sci- 
entific Men.  By  FBAX901S  Akaoo.  Trans- 
lated by  Adminl  W.  H.  Smtth,  F.R^  the 
BsF.  B.  FowKiXyUJLand  R.  Graxt,  MA. 


VioiflBitades  of  I^ainilies.   B7  Sr  I 

Berxakd  Bubkk,  Ulster  King  of  Aiu 
First,  Seoosih  and  Thtro  Soob.  3  m  | 
crown  Bto.  12i.6d.each. 

Maander'B    Bic^praphical    Tni- 

fmy.  Thirteenth  Edition,  reconstructed  1:^ 
partlj  rewritten,  with  ahoTe  1,000  additiH 
Memoirs,  bv  W.  U  R.  Cates.  Fcpi  Kkk 


Criticism,  Philosophy,  Polity,  ^-c. 


The  IiiBtitiites  of  Justinian;  with 

English  Introduction,  Translation,  and 
Kotea.  Bj  X  CSajoxabs,  MJL  Bairister- 
at-Law.   Third  Edition.    8vo.  15s. 

The  Eihios  of  Aristotle  with  E<s%ts 

and  Notca.  Bv  Sir  A.  Graxt,  Bart  M.A. 
LL.D.  Direcior  of  Public  Instniction  in  the 
Bonhaj  Presidencr.  Second  Edititm,  re- 
vised and  completed.  2  toIs.  8to.  price  28a. 

On  Bepresentatiye  Govemment. 

Bj  JoHH  Stcabt  Mill,  M.P.    Third  Edi- 
tion.   8vo.  Ss.  crown  8vo.  2j;. 
On  laiberty.    Bj  the  same  Author.    Third 

Edition.      Post    8tx>.  7s.  6dL  crown  8to. 

ls.4dL 
Frindiplea  of  Political  Sconomy.  By  the 

same.     Sixth  Edition.    2  vols.  8vo.  80s.  or 

in  I  voL  crown  8vo.  os. 
System  of  liogic,  RatiocinatiTe  and 

Inductive.    By  the  same.    Sixth  Edition. 

2  vols.  8va  25s. 
TJtilitarianiam.  By  the  same.  fdEdit.Sro.S^. 
DiasertatioiiB  and  Discnssiona.   By  the 

same  .Author.    2  vols.  8vo.  24«. 
Kramination    of    Sir    "W,    Hamilton's 

Philosophy,  and  of  the  Principal  Philuso- 

phioal  Questions  discussed  in  his  Writings. 

By  the  same.    Second  Edition.  8vo.  14s. 

The  Elements  of  Political  Eco- 
nomy. By  Hknrt  DrxsiNo  Macleod, 
M.A.  Barrister-at-Law.    8va  I61. 

A  Dictionary   of  Political  Bconomy; 
Biographical,    Bibliogjaphical,    Historical, 
and  Practical.  By  the  same  Author.  VoL  1.   | 
royal  8va  30s. 

Lord  Bacon's  Works,  collected 

and  edited  byR  L.  Ellis,  M.A.  J.  Spkoduig, 
MJL  and  D,  D.  Hkath.  Vols.  I.  to  V. 
PkSkmpkieal  Works,  6  vols.  8vo.  X4  6s. 
VOM.  VI.  and  VII.  LUerwy  and  Frofts- 
tiomi  Warkt,  2  vols.  £1 18s. 


Bacon's  Essays,  with  Annotatiai 

By  R.  Whatklt,  DJ).  late  ATchbi^: 
Dublin.    Sixth  Edition.     8vo.  10s.  €dL 

Elements  of  XiOgic.  ByRWHAm: 

DJ>.  late  Archbishop   of 'Dublin.    Ms 
Edition.    8vo.  10s.  6dL  crown  8va  4s.  U 
Elements   of    Rlietorie.       By  the  mr 
Author.     Seventh   Edition.     8vo.  l<ki 
crown  8vo.  4s.  6dL 

English    Synonymes.      Edited    br  Ar-- 
bishop  Whatklt.     6th  EdiUon.    Fcpu  k 

Miscellaneons  Bemains  ftom  ^ 

Common  pUce  Bookof  Richard  Whath' 
D.D.  late  Archbishop  of  Dublin.  Edited r 
E.  Ja5E  Wiultklt.     Post  8vo.  7x.  GdL 

Essays  on  the  Administratioiutf  I 

Great  Britain  from  1783  to  18?o  Br  6 
Right  Hon.'Sir  G.  C  Lewis.  Bart.  Edh  1 
by  the  Right  Hon.  Sir  E.  Heaix  Bart,  ^ 
with  POTtrait,  15s. 


Bg  the  same  ^uOor. 

Inquiry  into  the  Cre<iibility  of  tif 
Early  Roman  History,  2  vols,  30a. 

On  the  Methods  of  Observation  tzi  I 

Reasoning  in  Politics,  2  vols.  2Ss. 

Irish  Disturbances  and  Irish  Chme 
Question,  12s. 

Bemarks  on  the  Use  and  Abnae  c; 
some  Political  Terms,  9s. 

The  Fables  of  Babrios,  Greek  Text 
with  Latin  Notes,  Part  1.  5«.  6f'.  Part  11 
8s.6dL 

An    Outline   of  the    l^eoessary 

Laws  of  Thought:  a  TreaUse  on  Pure  so: 
Applied  Logic  By  the  Most  Rev.  IT. 
Thoxson,  D.D.  Archbishop  of  York.  Crvwn 
8vo.  5$.  6dL 

The  Elements  of  Ix>gio.  By  Thomai 

Srkodkt,  M.A.  of  St.  Peter's  ColL  Cantab. 
12mo.  4s.  8dL 
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Analysis  of  Mr.  Mill's  System  of 

Logic  By  W.  Stebbino,  M.A.  Second 
Edition.     12mo.  Bs.  6d, 

The  Eleotion  of  Bepresentatives, 

Parliamentary  and  Municipal;  a  Treatise. 
By  Thomas  Hare,  Barrister-at-Law.  Third 
Edition,  with  Additions.    Crown  Syo.  6«. 

Speeches  on  Parliamentary  Be- 

form.  By  the  Right  Hon.  B.  Disbaeu, 
M.P.  Chancellor  of  the  Exchequer.  1  vol. 
8vo.  [^Neurit/  ready. 

Speeches  of  the  Bight  Hon«  Lord 

Magaulay,  corrected  by  Himself.  Library 
Edition,  8vo.  12s.  People's  Edition,  crown 
8yo.  Ss.  6d. 

Lord    Macanlay's    Speeches   on 

Parliamentary  Reform  in   1831  and  1832.    | 
16mo.  Is. 

A  Dictionary  of  the  English 
Language.  By  R.  G.  Latham,  M.A.  M.D. 
F.R.S.  Founded  on  tho  Dictionary  of  Dr.  S. 
Johnson,  as  edited  by  the  Rev.  H.  J.  Todd, 
with  numerous  Emendations  and  Additions. 
Publishing  in  36  Parts,  price  3s.  6d,  each, 
to  form  2  vols.  4to.  Vol.  I.  in  Two  Parts, 
now  ready. 

Thesaurus  of  English  Words  and 

Phrases,  classified  and  arranged  so  as  to 
facilitate  the  Expression  of  Ideas,  and  assist 
in  Literary  Composition.  By  P.  M.  Rooet, 
M.D.     18th  Edition,  crown  '8vo.  10s.  6cL 

Lectures  on  the  Science  of  Lan- 

gpiage,  delivered  at  the  Royal  Institution. 
By  Max  Mijller,  ^LA.  Taylorian  Professor 
in  the  University  cf  Oxford.  First  Series, 
Fifth  Edition,  12s.    Secoxd  Series,  18s. 

Chapters  on  Language.    By  F.  W. 

Farbar,  M./V.  F.R.S.  late  Fellow  of  Trin. 
Coll.  Cambridge.    Crown  8vo.  8s.  6d, 

The  Debater ;  a  Series  of  Complete 
Debates,  Outlines  of  Debates,  and  Questions 
for  Discu<»ion.    By  F.  Rowtox.    Fcp.  6s. 

A  Ck>urse  of  English  Heading, 

adapted  to  every  taste  and  capacity;  or, 
How  and  What  to  Read.  By  the  Rev.  J. 
Pycroft,  B.A.    Fourth  Edition,  fcp.  6s. 

Manual  of   English    Literature, 

Historical  and  Critical :  with  a  Chapter  on 
English  Metres.  By  Thomas  Arnold,  M.A. 
Second  Edition.    Crown  8vo.  7s.  6d. 

Bouthey's  Doctor,  complete  in  One 
Volume.  Edited  by  the  Rev.  J.W.  Wartkb, 
B.D.    Sqnare  crown  8to.  12s.  6dL 


Historical  and  Critical  Commen- 
tary on  the  Old  Testament ;  with  a  New 
Translation.  By  M.  AL  Kausgh,  Ph.  D. 
Vol.  I.  Genetia,  8vo.  18s.  or  adapted  for  the 
General  Reader,  12s.  Vol.  II.  Exodus,  Ids. 
or  adapted  for  the  Ceneral  Reader,  12s. 

A  Hebrew  Grammar,  with  Exercises. 
By  the  same.  Part  1.  Outline*  with  Exer- 
cises, 8vo.  12s.  6d.  Key,  6s.  Part  II.  Ex- 
eqitional  Forms  and  Constructions,  12s.  M. 

A  Latin-English  Dictionary.    By 

J.  T.  White,  D.D.  of  Corpus  Christi  Col- 
lege, and  J.  E.  Riddle,  M.A.  of  St.  Edmund 
Hall,  Oxford.  Imp.  8vo.  pp.  2,128,  price  42s. 

A  New  Iiatin-English  Diotionary, 
abridged  from  the  larger  work  of  IVhiu  and 
RiddU  (as  above),  by  J.  T.  White,  D.D. 
Joint- Author.    8vo.  pp.  1,048,  price  18s. 

The  Jtmior  Scholar's  Latm-Engliah 
Dictionary,  abridged  from  tho  larger  works 
of  White  and  Riddle  (as  above),  by  J.  T. 
White,  D.D.  surviving  Joint-Author. 
Square  12mo.  pp.  662,  price  7s.  Gd, 

An  English-Greek  Lexicon,  con- 
taining all  the  Greek  Words  used  by  Writers 
of  good  authority.  By  C.  D.  Yonqe,  B.A. 
Fifth  Edition.    4to.  21s. 

Mr.  Yonge's  New  Lexicon,  En- 
glish and  Greek,  abridged  from  his  larger 
work  (as  above).    Square  12mo.  8s.  6d. 

A  Greek-English  Lexicon.  Com- 
piled by  H.  G.  LiDDELL,  D.D.  Dean  of 
Christ  Church,  and  R.  Scott,  D.D.  Master 
of  Balliol.  Fifth  Edition,  crown  4to.  31s.  6<l. 

A  Lexicon,  Greek  and  English, 
abridged  from  Liddell  and  Scott's  Greek- 
Englifh  Lexicon,  Eleventh  Edition,  square 
12mo.  7s.  6<2. 

A  Sanskrit-English  Dictionary^ 

The  Sanskrit  words  printed  both  in  the 
original  Devanagari  and  in  Roman  letters ; 
with  References  to  the  Best  Editions  of 
Sanskrit  Authors,  and  with  Etymologies 
and  Comparisons  of  Cognate  Words  chiefly 
in  Greek,  Latin,  Gothic,  and  Anglo<Saxon. 
Compiled  by  T.  Benfey.    8vo.  62s.  6A 

A  Practical    Dictionary  of  the 

French  and  English  Languages.  By  L. 
Cont  AMSEAU.  1 1th  Edition,  post8vo.  10s.  6<£ 

Contanseau's  Pocket  Diotionary-* 
French  and  English,  abridged  from  the 
above  by  the  Author.  New  Edition.  18mo. 
price  3s.  6d. 

New  Practical  Dictionary  of  the 

German  Language;  German-Englisb,  and 
English-German.  By  the  Rev.  \7.  L. 
Blackley,  M.A,  and  Dr.  Carl  Maktin 
Friedlander.    Post  8vo.  14s. 
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I 


Miscellaneous  Works  aud  Popular  Metaphysta 


I 
ri 


^i 


Beoreations  of  a  Country  Paraon. 

By  A.  K.  H.  B.     Fikst  Series,  with  41 

Woodcol   lUusirmtions  from   Designs   by 

B.  T.  Pritchett    Crown  8to.  12m.  6d 
Baorofttions    of    a    Country    Parson. 

Seoovd  Skbies.    Crown  8to.  8s.  6c{. 
Xhe     Commonplaoe    Philosopher    in 

Town  and  Country.    By  the  same  Author. 

Crown  8ro.  8s.  6dL 
Iittisare  Hours  in  Town ;  Essays  Consola- 

toiy,  JSsthetical,  Moral,  Social,  and  Do- 

msBtic.    By  the  same.    Crown  8vo.  8t,  Bd, 
The  Autumn  Holidays  of  a  Country 

Parson ;  Essays  contributed  to  Framr'%  Ma- 

yasbkM  and  to  Good  Word*.    By  the  same. 

Crown  8to.  8s.  6dL 
The  Graver  Thoughts  of  a   Country 

Parson,  Second  Seiues.     By  the  same. 

CrowA  8to.  8s.  6d. 

Critioal  Essays  of  a  Country  Parson, 
selected  from  Essays  contributed  to  Fraaer't 
MtffcLzine,    By  the  same.    Post  8vo.  9s. 

Sunday  Afternoons  at  the  Parish 
Cnurch  of  a  Uuivcrsity  City.  By  the  same. 
Crown  8vo.  8s.  C<i. 

A  Campaigndi*  at  Home.    By  Shib- 

LET,  Author  ot"  *Thalatta'  an  J  *Nug» 
CriticflB.*    Pvxst  8vo.  vith  Vignette,  7».  Od, 

Studies  in  Parliament:  a  Scries  of 

Sketches  of  Leading  Puliticbns.  By  E.  H. 
HiTTOX.  (Reprinted  from  the  Fall  Mall 
Gtvtette.)    Crown  8to.  4i.  Gd 

Iiord  Maoaulay's  Miscellaneous 

Writings. 
LiBRART  Edittox.  2  vols.  8vo.  Portrait,  21*. 
PKorLE*3  EDmox,  1  vuL  cro;rn  Svo.  4s.  Cd. 

The  Bev.  Sydney  Smith's  Mis- 
cellaneoiis  Works ;  including  his  Contribu- 
tions to  the  Editdmrpk  Rtnew,  Peoplc*s 
Evlition,  2  vols,  crown  Svo,  8s. 

JBlementary  Bketohes  of  Moral  Philo- 
sophy*, delivered  at  the  Royal  Institution. 
By  the  same  Author.    Fcp.  Os, 

The  Wit  and  \Viadom  of  the  Hetr. 
Sti>:ckt  Smitu:  a  Selection  of  the  moct 
BMmorable  Passages  in  his  Writings  and 
CoaverMtioD.     IGmo.  5s. 

Spigrams,  Ancient  and  Modem: 

Humorous,  Witty,  Satirical  Moral,  and 
Paneg\'Tioal.  Edited  by  Rev.  Joiuf  Booth. 
BJL  Cambriilge.  Second  Editioo,  revise^l 
and  enlarged.    Fcp.  7s.  Hd. 


The  Folk-Iiore  of  the  li 

Counties  of  England  and  the  B 
William  Hxindebsox.  With  ai 
on  Household  Stones  bj  th< 
Barhto-Gould.  Crown  8To.wi 
Frontispiece,  9j;  6dL 

From  Matter  to  Spirit: 
of  Ten  Tears'  Experience  in  Sfw 
tations.     By    Sophia    £.    De 
With  a  Pre&ce  by  Professor  Di 
Post  8vo.  Ss.  6rf. 

Essays  selected  firom   C 

tions  to  the  Edinburgh  Rtview, 
Rogers.    Second  Edition.     3  yi 

Beaaon  and  :Faitli,  tlieir  CI 
Conflicts.  By  the  same  Aut! 
Edition,  revised  and  extended,  i 
panied  by  several  other  Essays, 
subjects.    Crown  8vo.  6#.  6<f. " 

The  Eclipse  of  Faith.;  or,  a 
Religious  Sceptic.  By  the  aan 
Eleventh  Edition.     Fcp.  bs. 

Defence  of  the  EoUpse  of  Fa 
Author.    Third  Edition.    Fcp.  Z 

Selections  from  tlie  Correa 
of  R.  K.  IL  Greyson.  By  the  aai 
Third  Edition.    Crown  8to.  7s.  i 

Fulleriana,  or  the  Wisdom  au 
Tii03iAS  FuLLER,with  Essay  on  1 
Genius.    By  the  same  Author.    1  { 

Occasional  Essays.     By 

Wkex  Hoskyns,  Author  of*  Ta 
Chronicles  of  a  Clav  Farm,'  ^ 
5j.  6t/. 

An  Essay  on  Human   1 

showing  the  Necessity  of  a  Divii 
tion  for  the  Perfect  Development 
Capacities.  By  Hexrt  S.  Boj 
F.R.S.  and  G.S.    8vo.  12«. 

The  Philosophy  of  19'aturc 

tematic  Treatise  on  the  Causes  an 
Natural  Phenomena.  Bv  the  aam 
8vo.  12s. 

The  Secret   of  Hegel:    b 

Hegelian  System  in  Origin,  Princi] 
and  Matter.  By  James  Hutcui^ 
UJUQ.    2  vols.  sVo.  28s. 

An  Introduction  to  Ment 

losopby,  on  the  Inductive  Mett 
J.  D.  BloRELL,  H.A  LL.D.  8vo. 
Elements  of  Payoholot7»  conta 
Analysis  of  the  Intellectual  Pon 
the  same  Author.    Post  8vo.  7s.  6« 
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NEW  WORKS  PUBLISHED  BT  LONGMANS  aud  CO. 


Sight  and  Touch:  an  Attempt  to 

Disprove  the  Received  (or  Berkeleian) 
Theory  of  Vision.  By  Thomas  K.  Abbott, 
M.A.  Fellow  and  Tutor  of  Trin.  Coll.  Dublin. 
8vo.  with  21  Woodcuts,  5s,  6A 

The    Senses  and  the    Intellect. 

By  Alexander  Badt,  M.A.  Prof,  of  Logic 
in  the  Univ.  of  Aberdeen.  Second  Edition. 
8vo.  15j. 

The  Bmotions  and  the  ITViU,  by  the 
same   Author.    8vo.  15s. 

On  the  Study  of  Character,  including 
an  Estimate  of  Phrenology.  By  the  same 
Anther.    8vo.  9s. 

Time  and  Space:  a  Metaphysical 
Essay.  By  Shadworth  H.  Hodgsow. 
8vo.  pp.  588,  price  16s. 


The  Way  to  Best:  Results  from  a 
Life-search  after  Religious  Truth,  By 
R.  Taughax,  D.D.    Crown  8ro.  7s.  6d. 

Hours  with  the  Mystics:  a  Contri- 
bution to  the  History  of  Religious  Opinion. 
By  Robert  Alfred  Yaughait,  B.A.  Se- 
cond Edition.    2  vols,  crown  8vo.  12s. 

The  Philosophy  of  Necessity;  or. 

Natural  Law  as  applicable  to  Mental,  Moral, 
and  Social  Science.  By  Charles  Bbat. 
Second  Edition.    8vo.  9j. 

The  Education  of  the  Feelin^^s  and 
Affections.  By  the  same  Author.  Third 
Edition.    8vo.  3s.  6d, 

On  Force,  its  Mental  and  Moral  Corre- 
lates.   By  the  same  Author.    8vo.  5s. 

Christianity  and  Common  Sense. 
By  Sir  Willoughbt  Jones,  Bart.  M.A. 
Trin.  Coll.  Cantab.    8vo.  6s. 


Astronomy^  Meteorology,  Popular  Geography,  ^r. 


Outlines  of   Astronomy.    By  Sir 

J.  F.  W.  Herschel,  Bart,  M.A.  Eighth 
Edition,  revised ;  with  Plates  andWoodcnts. 
8yo.  18s. 

Arago's     Popular      Astronomy. 

Translated  by  Admiral  W.  IL  Smtth, 
F.R.S.andR.GR.v5T,M.A.  With  25  Plates 
and  858  Woodcuts.    2  vols.  8vo.  £2  5s. 

Saturn  and  its  System.  By  Rich- 
ard A.  Proctor,  B.A.  late  Scholar  of  St 
John's  Coll.  Camb.  and  Bang's  Coll.  London. 
8vo.  with  14  Plates,  14s. 

The  Handbook  of  the  Stars.  By  tho 
same  Author.  Square  fcp.  8vo.  with  3  Maps, 
price  05. 

Cdlestial    Ohjects   for   Common 

Telescopes.  By  T.  W.  Webb,  M-A.  F.R.A.S. 
With  Biap  of  the  Moon,  and  Woodcuts. 
16mo.  7s. 

A  General  Diotionary  of  Geo- 
graphy, Descriptive,  Physical,  Statistical, 
and  Historical  ;  forming  a  complete 
Gazetteer  of  the  World.  By  A.  Ketth 
JomrsToif,  F.RaE.    8vo.  81s.  6«/. 


M'Cullooh'B  Dictionary,  Gkogra- 

phical.  Statistical,  and  Historical,  ef  the 
various  Countries,  Places,  and  principal 
Natural  Objects  in  the  World.  Revised 
Edition,  with  the  Statistical  Informatien 
throughout  brought  up  to  the  latest  returns. 
By  Frederick  Martih.  4  vols.  8vo.  with 
coloured  Maps,  £4  4s. 

A  Manual  of  Geography,  Physical, 
Industrial,  and  PoliUcal.  By  W.  Huohbs, 
F.R.G.S.  Prof,  of  Geog.  in  King's  CoU.  and  in 
Queen's  Coll.  Lond.  With  6  Maps.  Fcp.7s.6rf. 

Hawaii  :  the  Past,  Present,  and  Future 
of  its  Island-Kingdom :  an  Historical  Ac- 
count of  the  Sandwich  Islands.  By  Maxlet 
HoPKixs,  Hawaiian  Consul- General,  &c. 
Second  Edition,  revised  and  continued; 
with  Portrait,  Map,  and  8  other  Illustra- 
tions.   Post  8vo.  12s.  6d: 

Maunder's  Treasury  of  G^eogra- 

phy.  Physical,  Historical,  Descriptive,  and 
Political.  Edited  by  W.  Hughes,  F.R.G.S. 
With  7  Maps  and  J  6  Plates.    Fcp.  10s.  6dL 

Physical  G^eography  for  Schools 

nnd  General  Readers.  By  M.  F.  Maurt, 
LL.I).    Fcp.  with  2  Charts,  2s.  6d 


Natural  History  and  Popular  Science. 


The    Elements    of     Physics    or 

Natural  Philosophy.  By  Neil  Ar50tt, 
M.D.  F.R.S.  Physician  Extraordinary  to 
the  Queen.  Sixth  Edition,  rewritten  and 
completed.    2  Parts,  8vo.  21s. 


Volcanos,  the  Character  of  their 
Phenomena,  their  Share  in  the  Structure 
and  Composition  of  the  Surface  of  the  Globe, 
Ac.  By  G.  Poulett  Sc  rope,  M.P.  F.B.S. 
Second  Edition.  8vo.  with  lUuUrations,  15s. 
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NEW  WORKS  PCBLX8HKD  BT  LONGMANS  Asro  CX>. 


Books  Classified  and  Described. 

Br  Bernhard  Von  Cotta.    An  English 

Edition,  by  P.  H.  Lawrenck  (with  English, 

German,  and  French  Synonymes),  revised 

by  the  Author.    Post  8vo.  11*. 

•^*  Lithology,  or  a  Classified  S^-nopsis  of 

the  Names  of  Rocks  and  Minerals,  also  by 

Mr.  Lawrence,  adapted  to  the  above  work, 

may  be  had,  price  5».  or  printed  on  one  side 

only  (interpaged  blank),  for  use  in  Cabinets, 

price  7#. 

Bound:  a  Course  of  Six  Lectures  deli- 
vered at  the  Royal  Institution  of  Great 
Britain.  By  Professor  Joiix  Tyndall, 
LL.D.  F.R.S.    1  vol  crown  8vo. 

[^  Near  I]/  recufy. 

Heat  Considered  as  a  Mode  of 

Motion.  By  Professor  John  Tyndall^ 
LL.D.  F.R.S.  Second  Edition.  Crown  8vo. 
with  Woodcuts,  Us.  6d 

A    Treatise    on    Electricity^    in 

Theory  and  Practice.  By  A.  De  la  Rivb, 
Prot  in  the  Academy  of  Geneva.  Trans- 
lated by  C.  V.  Walker,  F.R.S.  8  vols. 
8vo.  with  Woodcuts,  £8  18t. 

The  Correlation  of  Physical 
Forces.  By  W.  R.  Grovb,  Q.C.  V.P.R.S. 
Fifth  Edition,  revised  by  the  Author,  and 
augmented  by  a  Discourse  on  Continuity. 
8vo. 

Manual  of  Gfreology.  By  s.  Haughton, 

M.D.  F.R.S.  Fellow  of  Trin.  Coll.  and  Prot 
of  Geol.  in  the  Univ.  of  Dublin.  Second 
Edition,  with  66  Woodcuts.    Fcp.  7s.  6d. 

A  Guide  to  G^eology.  By  J.  Phillips, 
M.A  Prof,  of  Geol  in  the  Univ.  of  Oxford. 
Fifth  Edition.    Fcp.  4^. 

A  Glossary  of  Mineralogy.    By 

H.  W.  Bristow,  F.G.S.  of  the  Geological 
Survey  of  Great  Britain.  With  486  Figures. 
Crown  8vo.  I2s. 

The  Elements:  an  Investigation  of 
the  Forces  which  determine  the  Position 
and  Movements  of  the  Ocean  and  Atmo- 
sphere. By  Wiluam  Leightox  Jordan. 
Vol.  I.  royal  8vo.  with  13  maps,  price  8s. 

Phillips's  Elementary  Introduc-  i 

tion  to  Mineralogy,  re-edited  by  H.  J.  \ 
Brooke,  F.RS.  and  W.  H.  Miller,  F.G.S.  • 
Post  8vo.  with  Woodcuts,  18s.  i 

Van  Der  Hoeven's  Handbook  of 

Zoology.  Translated  iVom  the  Second  , 
Dutch  Edition  by  the  Rev.  W.  Clark,  ' 
M.D.  F.R.S.  2  vols.  8vo.  with  24  PUtes  of  ] 
Figures,  60i. 


The  Comparative  Anatomy  an 

Physiology  of  the  Vertebrate  Animalk  B^ 
Richard  Owkit,  F.RS.  D.CL.  S  vdi 
8vo.  with  upwards  of  1,200  Wooden 
Vols  I  and  II.  price  21a.  each,  nowwaJ.. 
>  OL.  III.  m  the  Spring. 

The  First  Man  and  His  Placen 

Creation,  considered  on  (he  Principks  r 
Common  Sense  from  a  Christian  Puint  i 
View;  with  an  Appendix  on  the  Xe«r- 
ByGEOROE  Moore,  M.D.  M.R.C.PX.Ac 

Post  Pvo.  8s.  6d. 

The  Lake  Dwellings  of  Switxe^ 

land  and  other  Parts  of  Europe.  Br  Dr  • 
Keller,  President  of  the  Antiqnariin  A«- 
ciation  of  Zurich.  Translated  and  arras-: 
by  J.  E.  Lee  F.S.A.  F.G.S.  Aatbor': 
*Isoa  Silurum.'  With  several  Woodni. 
and  nearly  100  Plates  of  Figures.  Rot* 
8vo.  3If.  6dL 

Homes  without  Hands:  a  Tkaea- 

Uon  of  the  Habitations  of  Animala,  das«^ 
according  to  their  Principle  of  Constr«tkc 

^  r.'J'J^'^^'^''*  ^-^  F.L.S.  Wii 
about  140  Vignettes  on  Wood  (20  faDc 
of  page).    Second  EdiUon.     8vo.  2U 

'r^o  'Sffmonies  of  Wature  u£ 

Unity  of  Creation.     By  Dr.  G.  nAmrm. 
8yo.  mtk  nnmeroos  Illustration.,  18,. 
The  Sea  and  ita  Living  -Wond-r.     ^ 
the  same  Author.    Tht^Edltfo^f^Sirg 
8vo.  with  many  Illustrations,  21s. 

'^Wi^^rS^^'^'i^^  By  the  same  Aui:- 
With  8  Chromoxylographs  and  172  Woe. 
cots.    8vo.  21*. 

Manual  Of  Corals  and  Sea  Jelliai 

By  J.  H.  Grjeene.  B.A.  Edited  hjU 
GALBRArrH,M^and  S.  UAVGUToi,UIf 
Fcp.  with  89  Woodcuts,  5s. 

Manual  of  Sponges  and  iLnimalcuto; 
with  a  General  Introduction  on  the  Prind- 
plee  of  Zoology.  By  the  same  Author  aiJ 
Editors.    Fcp.  with  IG  Woodcuts.  2s. 

Manual  of  the  MetaUoids.  By  j  *  pjnn* 
M.D.  F.R.a  and  the  same  Kdito,^  ^ 
Edition.    Fcp.  with  88  Woodcuts,  7s.  Sd. 

Sketches  of  the  Natural  Historr 

of  Ceylon.  By  Sir  J.  Eme&son  Tkxxk«t 
K.C.S.LL.D.  With  82  Wood  Kn™;^* 
Post  8va  12*.  6dL  b^^uig^ 

Ceylon.  By  the  snme  Author.  5th  Editm,- 
with  Maps,  &c  and  90  Wood  Ko^^;^^' 
2  vols.  8vo.  £2  lOt.  sr^rmgL 

The  WUd  Elephant,  its  Structure  and 
lUbits,  with  the  Method  of  Taking  and 
Training  it  in  Ceylon.  Bv  the 
Author.    Fcp.8ro.  with  Illust'raUonsL 


NEW  WORKS  PUBUSHBD  by  LONGMANS  and  CO. 


A    Familiar    History  of   Birds. 

By  £.  Stanley,  D.D.  late  Lord  Bishop  of 
Norwich.     Fcp.  with  Woodcuts,  8s,  W. 

Kirby  and  Spence's  Introduction 

to  Entomology,  or  Elements  of  the  Natural 
History  of  Insects.   Crown  8vo.  6». 

Mannder's  Treasury  of  Natural 

Historj',  or  Popular  Dictionary  of  Zoology. 
Revised  and  corrected  by  T.  S.  Cobbold, 
M.D.    Fcp.  with  900  Woodcuts,  10». 

The    Elements    of    Botany    for 

Families  and  Schools.  Tenth  Edition,  re- 
vised by  Thomas  Moore,  F.L.S.  Fcp 
with  154  Woodcuts,  2«.  6d, 

The    Treasury    of    Botany,     or  | 

Popular  Dictionary  of  the  Vegetable  King-  j 
dom ;  with  which  is  incorporated  a  Glos- 
sary of  Botanical  Terms.  Edited  by  i 
J.  LisfDLSY,  F.R.S.  and  T.  Moobe,  F.L.S. 
assisted  by  eminent  Contributors.  Pp. 
1,274,  with  274  Woodcuts  and  20  Steel 
Plates.    2  Parts,  fcp.  20f. 

The  British  Flora ;  comprising  the 
Phanogamou^  or  Flowering  Plants  and  the 
Ferns.  By  Sir  W.  J.  Hookeb,  ILH.  and 
G.  A.  Walker- Arnott,  LL.D.  12mo. 
with  12  Plates,  14s.  or  coloured,  21s. 

The  Bose  Amateur's  Guide.  By 
Thomas  Rivers.    New  Edition.  Fcp.  4s. 

The   Indoor    Gkurdener.    By  Miss 

Mali>'o.    Fcp.  with  Frontispiece,  5s. 


Loudon'sEnoyclopsedia  of  Plants; 

comprising  the  Specific  Character,  Descrip- 
tion* Culture,  History,  &c  of  all  the  Plants 
found  in  Great  Britain.  With  upwards  of 
12,000  Woodcuts.    8vo.  42». 

Ijoudon'8  Encyclopasdia  of  Trees  and 
Shrubs;  containing  the  Hardy  Trees  and 
Shrubs  of  Great  Britain  scientifically  and 
popularly  described.  With  2,000  Woodcuts. 
8yo.  50«. 

Bryologia  Britannica ;  containing 
the  Mosses  of  Great  Britain  and  llreland, 
arranged  and  described.  By  W.  Wii^osr. 
8vo.  with  61  Plates,  42«.  or  coloured,  £4  4s. 

Maimder's  Scientific    and  Lite- 

riiy  Treasury ;  a  Popular  EncyclopsMlia  of 
Science,  Literature,  and  Art  New  Edition, 
thoroughly  revised  and  in  great  part  re- 
written, with  above  1,000  new  articles,  by 
J.  Y.  Jonssos,  Corr.  M.Z.S.   Fcp.  10s.  OdL 

A  Dictionary  of  Science,  Litera- 
ture, and  Art.  Fourth  Edition,  re-edited 
by  the  late  W.  T.  Brandb  (the  Author) 
and  Geobob  W.  Cox,  M.A.  8  vols,  medium 
8yo.  price  63f.  cloth. 

Essays  on  Scientific  and  other 

subjects,  contributed  to  Reviews.  By  Sir  H. 
Holland,  Bart  M.D.  Second  Edition. 
8vo.  14s. 

Essays  from  the  Edinburgh  and 

Qiuaierly  Beviews  ;  with  Addresses  an<l 
other  Pieces.  By  Sir  J.  F.  W.  Hebschel, 
Bart  M.A.    8vo.  18s. 


Ifihemistry^  Medicine^  Surgery^  aiid  the  Allied  Sciences. 


A  Dictionary  of  Chemistry  and 

the  Allied  Branches  of  other  Sciences.  By 
Uemrt  Watts,  F.C.S.  assisted  by  eminent 
Contributors.  5  vols,  medium  8vo.  in 
course  of  publication  in  Parts.  Vol.  I. 
81«.  6r/.  Vol.  XL  26s.  Vol.  IIL  81f.  W. 
and  Vol.  IV.  24#.  are  now  ready. 

A  Handbook  of  Voliimetrical 
Analysis.  By  Robert  U.  Scott,  M.A. 
T.C.D.        PoetSvo.  4s.6dL  j 

Elements  of  Chemistry,  Theore-  I 

tical    and     Practical.      By    Wiluam   A.   | 
Miller,   M.D.  LL.D.  F.R.S.  F.G.S.   Pro- 
fessor of  Chemistry,  King's  College,  London.    ; 
8  vols.  8vo.  X2  13«.    Part  I.      Chemical 
PuTBics,   Third   EdiUon,    12s.    Part  II.   ' 

IS0BOA2CIC    ClIEMISTRT,    21«.       PART    III.    { 

Oboasic  CiiEMurrBT,  Third  Edition,  24s. 


A  Manual  of  Chemistry,  De- 
scriptive and  Theoretical.  By  William 
Odlino,  M.a  F.R.S.    Part  L  8vo.  9s. 


A  Ck>ur8e  of  Fractioal  Chemistry,  for  the 
use  of  Medical  Students.  By  the  same 
Author.  Second  Edition,  with  70  new 
Woodcuts.    Crown  8vo.  7s.  6<i. 


I«eoture8  on  Animitl  Chemistry  Delivered 
at  the  Royal  College  of  Physicians  in  1865. 
By  the  same  Author.    Crown  8vo.  4s.  6dL 

The  Toxicologist's  Guide :  a  New 

Manual  on  Poisons,  giving  the  Best  Methods 
to  be  pursued  for  the  Detection  of  Poisons. 
By  J.  HoRSLEY,  F.C.S.  Analytical  Chemist. 
Post  8vo.  Zt,  6d. 
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The  DiagnoslB  and  Treatment  of  \ 

the   Diseases  of  Women;   inclading   the  \ 

Diagnosis   of    Pregnancy.      By   Graily  . 

HxwiTT,   M.D.   &c.     New   Edition,  with  j 
Woodcut  Illustrations,  in  the  press. 

laeotures  on  the  Diseases  of  In- 
fancy and  Childhood.  By  Chables  West, 
11.D.  &c  5th  Edition,  revised  and  enlarged. 
8to.  16f. 

Exposition   of    the    Signs   and 

Symptoms  of  Pregnancy :  with  other  Papers    I 
on  subjects  connected  with  Midwifery.    By 
W.  F.  MosTGOMKRT,  M.A.  M.D.  M.R.IA. 
Svo.  with  Illustrations,  25s. 

A  System  of  Surgery,  Theoretical 

and  Practical,  in  Treatises  by  Various 
Authors.  Edited  by  T.  Houies,  M.A. 
Cantab.  Assistant-Surgeon  to  St  George's 
Hospital.    4  Tols.  Svo.  £i  13f. 

VoL  I.   General  Pathology,  2i«. 

VoL  n.  Iiooal  Injuries :  Gun-shot  Wounds, 
Injuries  of  the  Head,  Back,  Face,  Neck, 
G^st,  Abdomen,  Pelvis,  of  the  Upper  and 
Lower  Extremities,  and  Diseases  of  the 
Sye.    21s. 

V6L  HI.  Operative  Surgery.  Diseases 
of  the  Organs  of  Circulation,  Locomotion, 
&C.    21«. 

VoL  IV.    Diseases  of  the  Organs  of 

Digestion,  of  the  Genito- Urinary  System, 
and  of  the  Breast,  Thyroid  Gland,  and  Skin ; 
with  Appendix  and  GENER.iL  Index.  30«. 

Lectures  on  the  Principles  and 

Practice  of  Physic.  By  Thomas  Watson, 
M.D.  Physician-Extraordinary  to  the 
Qneen.    Fourth  Edition.    2  vols.  Svo.  Z\s, 

Lectures  on  Surgical  Pathology. 

By  J.  Paget,  F.R.S.  Surgeon-Extraordinary 
to  the  Queen.  Edited  by  W.  Turnxb,  M.B. 
8vo.  with  117  Woodcuts,  21s. 

A    Treatise    on    the    Continued 

Fevers  of  Great  Britain.  By  C.  Mubgbison, 
M.D.  Senior  Physician  to  the  London  Fever 
Hospital.    8vo.  with  coloured  Plates,  18f. 

Anatomy,  Descriptive  and  Sur- 
gical. By  IIknkt  Gray,  F.R.S.  With 
410  Wood  Engravings  from  Dissectio&Sw 
Fourth  Edition,  by  T.Holmes,  M.A.  Cantab. 
Royal  8\-o.  28s. 

The  Cydopeedia  of  Anatomy  and 

Physiology.  Edited  by  the  Ute  R.  B.  Todd, 
M.D.  F.R,a    A}«5istcd   by  nearly  all  the  * 
most  eminent  cultivators  of  Physiological 
Science  of  the  present  age.    5  vols.  ?vo. 
with  2,853  Wooj'.cuts  £6  6f. 


Physiological  Anatomy  i 

oology  of  Man.  By  the  late  \ 
M.D.  F.R.a  mnd  W.  Bowma: 
King's  College.  With  namero 
tions.    Vol.  IL  8vo.  25a. 

Vol.  I.  Xew  Erlition  by  Dr 
Bealk,  F.ELS.  in  coarse  of  t 
Part  T.  with  8  Plates,  7#.  €<£. 

Histological   I^emonstra 

Guide  to  the  Microscopical  Exa 
the  Animal  Tissues  in  Ileal th  a 
for  the  use  of  the  Medical  and 
Professions.  By  G.  JIarlev,  I 
Prof,  in  Univ.  Coll.  London ; 
Brown,  IH.R.C.V.S.  Professor 
nary  Medicine,  and  one  of  the 
Officers  in  thA  Cattle  Plague  ] 
of  the  Privy  CounciL  Post  8v 
Woodcuts,  12a. 

A  I>ictionary  of  Fractici 
dne.  By  J.  Cofuljid,  M 
Abridged  from  the  larger  wo 
Author,  assisted  by  J.  C.  Coplajt 
tad  thronghout  brought  down 
sent  state  of  Medicsd  Science. 
inSva  prictSGa. 

The  Works  of  Sir  B.  C. 

Bart,  collected  and  arranged  b 
Hawkins,  F.RGLS.E.  3  vola. 
Medallion  and  Facaiiniley  48a. 

Aatobiography  of  Sir  B.  C 
Bart  printed  from  the  Author* 
left  in  MS.    Second  Edition,     f 

A  Manual  of    Materia 

and    Therapeutics,      abridged 
Pbreira's  Element*  by  F.  J.  Fi 
assisted  by  B.  BmrrLKr,  M.R.C 
R.WAR»GT03r,  F.R.S.     1  voL 

90  Woodcuts,  21s, 

Dr.   Pereira's    Elements    of 
Medica  and  Thempeatics,  Third 
A  S.  Tatlob,  M.D.  and  G.  O.  B 
8  vols.  Svo.  with  Woodcuts,  XS  1 

Thomson's    Conspectus 

British  Phannacopceia.  ISve: 
Edition,  corrected  and  made  cc 
thruoghout  to  the  New  Pharnii 
the  General  Council  of  Metiical  1 
By  E.  Llotd  Birkktt,  M.D.    I8i 

Manual  of  the  Domestio  1= 

of  Medicine.  By  W.  B,  K 
F.R.C.S.E.  Second  Edition,  tl 
revise-.!,  with  Additions,     Fop.  5s. 

Sea-Air    and    Sea-Batbin 

Children  and  Invalid*^  Bv  1 
STJtAXev.  M.D.     Fcp.  Se 
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The  Bestoration  of  Health;   or, 

the  Application  of  the  Laws  of  Hygiene  to 
the  Recovery  of  Health :  a  Bfanoal  fbr  the 
Invalid,  and  a  Guide  in  the  Sick  Room. 
By  W.  STRAaroB,  M.D.    Fcp.  6f. 


Manual   for   the    Classifloation, 

Training,  and  Education  of  the  Feeble- 
Kinded,  Imbecile,  and  Idiotic.  By  P. 
Martin  Duncan,  M.B.  and  William 
BIiLLARD.    Crown  8vo.  5f.^ 


The  Fine  Arts^  and  Illustrated  Editions. 


The  Life  of  Man  Symbolised  by 

the  Months  of  the  Tear  in  their  Seasons 
and  Phases;  with  Passages  selected  from 
Ancient  and  Modem  Authors.  By  Richard 
PiooT.  Accompanied  by  a  Series  of  25 
ftill-page  Illustrations  and  nnmeroos  Mar- 
ginal Devices,  Decorative  Initial  Letters, 
and  Tailpieces,  engraved  on  Wood  from 
Original  Designs  by  John  Leiobton, 
F.SJL    4to.42«. 

The  New  Testament,  illostrated  with 

Wood  Engravings  after  the  Early  Masters, 
chiefly  of  the  Italian  SchooL  Crown  4to. 
63f .  doth,  gilt  top ;  or  £5  5$.  morocco. 

Lyra  G^ermanica;  Hymns  for  the 
Sundays  and  Chief  Festivals  of  the  Christian 
Tear.  Translated  by  Cathkrinb  Wink- 
worth  ;  125  Illustrations  on  Wood  drawn 
by  J.  Leiohton,  F.S.A,    Fcp.  4to  21*. 

Oats'  and  Farlie's  Moral  Em- 
blems ;  with  Aphorisms,  Adages,  and  Pro- 
verbs of  all  Nations  :  comprising  121 
lUustrations  on  Wood  by  J.  Lkiohton, 
F.S.A.  with  an  appropriate  Text  by 
R.  PiooT.    Imperial  8vo.  Sis.  Bd. 


Shakspeare's     Sentiments     and 

Similes  printed  in  Black  and  Grold,  and  illu- 
minated in  the  Missal  style  by  Hrnrt  Noel 
HcjHPURETs.  In  massive  covers,  containing 
the  Medallion  and  Cypher  of  Shakspeare. 
Square  post  8vo.  2  It. 

Half-Honr  Lectures  on  the  His- 
tory and  Practice  of  tbe  Fine  and  Orna- 
mental Arts.  By  W.  B.  Scott.  Second 
Edition.  Crown  8vo.  with  60  Woodcut 
Illustrations,  Bs.  Cd. 

The  History  of  Our  Lord,  as  exem- 
plified in  Works  of  Art.  By  Mrs.  Jameson 
and  Lady  Eastlakr.  Being  the  concluding 
Series  of  'Sacred  and  Legendary  Art' 
Second  Edition,  with  13  Etchings  and  281 
Woodcuts.  2  vols,  square  crown  8vo.  42s. 

Mrs.  Jameson's  Iiegends  of  the  Saints 
and  Martyrs.  Fourth  Edition,  with  19  Etch- 
ings and  187  Woodcuts.    2  vols.  8Is.  6dL 

Mrs.  Jameson's  liOgends  of  the  Monastic 
Orders.  Third  Edition,  with  11  Etchings 
and  88  Woodcuts.    1  voL  2U. 

Mrs^Jameson'slJegends  of  theMadonna. 

Third  Edition,  with  27  Etchings  and  I6d 
Woodcuts.    1  vol.  21«. 


Musical  Publications. 


An  Introduction  to  the  Study  of 

National  Mucic;  Comprising  Researches 
into  Popular  Songs,  Traditions,  and  Cus- 
toms. By  Carl  Enokl,  Author  of  *The 
Music  of  the  most  Ancient  Nations.*  \Vith 
Frontispiece  and  numerous  Musical  IIlus* 
irmtions.    8vo.  16f. 

Six  Lectures  on  Harmony.  De- 
livered at  the  Koyal  Institution  of  Great 
Britain  before  Easter  1867.  By  G.  A. 
Macfarrbh.    8va  {IniheprtMi. 

Leoturesonthe  History  of  Modem 

Music,  delivered  at  tbe  Royal  Institution. 
By  JoHsr  IIullah.  First  Course,  with 
Chronolegical  Tables,  post  8vo.  6«.  6</. 
SsooiTD  Coursk,  the  Transition  Period, 
with  26  Specimens,  8vo.  16j. 


Sacred  Music  for  Family  Use ; 

A  Selection  of  Pieces  for  One,  Two,  or  more 
Voices,  from  the  best  Composers,  Foreign 
and  English.  Edited  by  John  Hullah. 
I  voL  music  folio,  21«.  half  bound. 

Hullah's  Fart  Music,  Sacred  and 
Secular,  for  Soprano,  Alto,  Tenor,  and  Bass. 
New  Edition,  with  Pianoforte  Accompani- 
ments, in  course  of  publication  in  Monthly 
Numbers,  each  number  in  Score,  with  Piano- 
forte Accompaniment,  price  1«.  and  in  sepa- 
rate ParU  (Soprano,  Alto,  Tenor,  and  Bass), 
uniform  with  the  Score  in  size,  but  in  larger 
type,  price  5d.  each  Part.  Each  Series 
(Sacred  and  Secular)  to  be  completed  in  12 
Number?,  forming  a  Volume,  in  imperial 
8ro. 
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Art  of  Perfumery ;  the  History 
l  Theoiy  of  Odoan,  and  the  Methods  of 
cling   the   Aromas   of  Plants.    By 
.    P1B8SE,    F.C.S.    Third  Edition,  with 
■1  JrWoodcuts.    Crown  8to.  10s.  Qd, 

■fib 

iH^JOttioal,  Natural,  and  Physical  Maglo, 
Jr^Juvcniles  during  the  Holidays.  By  the 
^^'ine  Author.  Third  Edition,  enlarged 
TTntli  W  Woodcuts.    Fcp.  6«. 

*Mtpft ;  or,  the  Chronicles  of  a  Clay 
■•Jjtnn.  By  a  W.  HosKTNs,  Esq.  With  24 
j*yoodcnts  firom  Designs  by  G.  Cruik- 
9K.    Sixth  Edition.    16mo.  5«.6d 


istory  of  Windsor  Great  Park 

Windsor  Forest    By  William  Men- 
Resident  Deputy  Surveyor.    With  2 
ifMaps  and  20  Photographs.  Imp.  folio,  £8  8«. 


Loudon's  Enoydopsedia  of  Agri- 
culture: Comprising  the  La3ring-ont,  Im- 
provement, and  Management  of  Landed 
Property,  and  the  Cultivation  and  Economy 
of  the  Productions  of  Agriculture.  With 
1,100  Woodcuts.    8vo.  sued 

Ijoudon's  XSnoyolopsedia  of  Gardening : 
Comprising  the  Theory  and  Practice  of 
Horticulture,  Floriculture,  Arboriculture, 
and  Landscape  Gardening.  With  1,000 
Woodcuts.    8vo.  8UW. 

Ijoudon's  Encyolopsodia  of  Cottage,  Farm, 
and  Villa  Architecture  and  Furniture.  Witit 
more  than  2,000  Woodcuts.    8vo.  42*, 

Bayldon's  Art  of  Valuing  Bents 

and  Tillages,  and  Claims  of  Tenants  upon 
Quitting  Farms,  both  at  Michaelmas  and 
Lady-Day.  Eighth  Edition,  revised  by 
J.  C.  MoRTOJr.    8vo.  to*.  QcU 


wU 


Eeligioiis  and  Moral  Works. 


^iAin  E:iqpo8ition  of  the  39  Articles, 

If  Historical  and  Doctrinal.  By  E.  Harold 
U  Browkb,D.D.  Lord  Bishop  of  Ely.  Seventh 
H     Edition.    8vo.  16«. 

I  The  Pentateuch  and  the  Elohistio 
*  Psalms,  in  Reply  to  Bishop  Colenso.  By 
'  the  same.  Second  Edition.  8vo.  2s. 
.  Bxamination-Questions  on  Bishop 
Browne's  Exposition  of  the  Articles.  By 
the  Rev.  J.  Gorlb,  M.A.    Fcp.  8«.  6d!. 

The  Acts  of  the  Apostles ;  with  a 

Commentary',  and  Practical  and  Devotional 
Suggestions  for  Readers  and  Students  of  the 
English  Bible.  By  the  Rev.  F.  C.  Cook, 
M.A,  Canon  of  Exeter,  &c.  New  Edition, 
8vo.  12«.  (m/. 

The  Life  and  Epistles  of  St. 
PauL  By  W.  J.  Conybeaiie,  M.A.  late 
Fellow  of  Trin.  Coll.  Cantab,  and  J.  S. 
Howsoir,  D.D.  Principal  of  Liverpool  ColL 

Libraet  Edition,  with  all  the  Original 
Illustrations,  Maps,  Landscapes  on  Steel, 
Woodcuts,  &c    2  vols.  4to.  48«. 

Intermediate  Edhton,  with  a  Selection 
of  Maps,  Plates,  and  Woodcuts.  2  vols, 
square  crown  8vo.  8is.  6dl 

People's  Edition,  revised  and  con- 
densed, with  46  Illustrations  and  Maps. 
2  vols,  crown  8vo.  12s. 

The  Voyage  and  Shipwreck  of 

St  Paul ;  with  DisserUtions  on  the  Ships 
and  Navigation  of  the  Ancients.  By  Jaiibs 
Smith.  F.R.S.    Crown  8vo.  Chart.%  10*.  Bd. 


Fasti   Sacri,    or  a  Key  to  the 

Chronology  of  the  New  Testament ;  com- 
prising an  Historical  Harmony  of  the  Four 
Grospels,  and  Chronological  Tables  gene- 
rally from  B.C.  70  to  a.d.  70 :  with  a  Pre- 
liminary Dissertation  and  other  Aids.  By 
Thomas  Lewin,  M.A.  F.S. A.  Imp.  8vo.  42«. 

A  Critical  and  Grammatical  Ck>m- 

mentary  on  St  Paul's  Epistles.    By  C.  J. 

Elligott,  D.D.  Lord  Bishop  of  Gloucester 

and  Bristol.    8vo. 
Galatians,  Third  Edition,  St.ed. 
Bphesians,  Third  Edition,  8s.  6J. 
Pastoral  Epistles,  Third  Edition,  10s.  M, 
Fhilippians,  Colossians,  and  Fhilemont 

Third  EdiUon,  10s.  6dL 
Thessalonians,  Second  Edition,  7s.  6J. 

Historical  Lectures  on  the  Life  of 

Our  Lord  Jesus  Christ :  being  the  Hnlsean 
Lectures  for  1859.  By  the  same  Author. 
Fourth  Edition.    8vo.  10s.  6cL 

The  Destiny  of  the  Creature  ;  and  other 
Sermons  preached  before  the  University  of 
Cambridge.    By  the  same.    Post  8vo.  6«. 

The  Broad  and  the  Narrow  "Way;  Two 
Sermons  preached  before  the  University  of 
Cambridge.    By  the  same.    Crown  8vo.  2s. 

TheGreek  Testament ;  withNotes, 

Grammatical  and  Exegetical.  By  the  Kev. 
W.  Webster,  M.A.  and  the  Bev.  W.  F. 
WiiJCiNsow,  M.A.    2  vols.  8vo.  £2  4s, 

Vol.  I.  the  Gospels  and  Acts,  20s. 

Vol.  II.  the  Epistles  and  Apocalypse,  24s. 
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^Spiritual  Songs  for  tho  Sundays 

■i  and  Holidays  throughout  the  Tear.  By 
■I  J.  S.  B.  MoNSELL»  LL.D.  Vicar  of  Egham. 
^     Fourth  Edition.    Fcp.  4«.  M. 

■B  The  Beatitudes:  Abasement  before  God: 
hi  Sorrow  for  Sin ;  Meekness  of  Spirit ;  Deure 
m  for  Holiness;  Gentleness;  Parity  of  Heart ; 
the  Peace- makers ;  Sufferings  for  Christ 
it  By  the  same.  Third  Edition.  Fcp.  B$,  6cf. 
■ 

»  Iiyra  Saora;  Hymns,  Ancient  and 
.         Modem,  Odes,  and  Fragments  of  Sacred 

■  Poetry.    Edited  by  the  Rev.  B.  W.  Saviije, 

■  MA.    Third  Edition,  enlarged.    Fcp.  6#. 

Iiyra  Q^rmanica,  translated  from  the 
J  German  by  Misa  C.  Wdjkworth.  Fibst 
'  Sbribs,  Hymns  for  the  Sundays  and  Chief 
I  Festivals;  Second  Series,  the  Christian 
,         Life.    Fcp.  St.  Gd,  each  Series. 

'     Hymns  from  Iiyra  Germanioa,  18mo.  1#. 
The  Chorale  Book  for  England ; 

a  complete  Hymn-i3ook  in  accordance  with 
the  Services  and  Festivals  of  the  Church  of 
England :  the  Hymns  translated  by  Miss  C. 
WixEWORTH ;  the  Tunes  arranged  by  Prof. 
W.  S.  Bkxnett  and  Otto  Goldsthmidt. 
Fcp.  4to.  12f.  6dL 

Congregational  Edition.    Fcp.  2s. 


Lyra  Eucharistica  ;  Hymns  and 
Verses  on  the  Holy  Commnnioo,  Ancient 
and  Modem ;  with  other  Poema.  Edited  by 
the  Key.  Orbt  Shiplbt,  MJL  Second 
Edition.    Fcp.  7«.  6dL 

Iiyra  Messianica;  Hymns  and  Torses  on 

the  Life  of  Christ,  Ancient  and  Modem; 

with  other  Poems.    By  the  same  Editor. 

Second  Edition,  enlarged.    Fcp.  7t,  6dL 
Iiyra  Mystioa ;  Hymns  and  Verses  en  Sacred 

Subjects,  Ancient  and  Modem.     By  the 

same  Editor.    Fcp.  7«.  GdL 

The    Catholic    Doctrine  of  the 

Atonement;  an  Historical  Inquiry  into  its 
Development  in  the  Church :  with  an  Intro- 
duction on  the  Principle  of  Theological 
Developments.  By  H.  N.  Oxenham,  MJL 
formerly  Scholar  of  Balliol  College,  Oxford. 
8x0.  S$.  Qd. 

From  Sunday  to  Sunday;  an  Attempt 

to  consider  familiarly  the  Weekday  Lift 
and  Labours  of  a  Country  Clergyman.  By 
R.  Gee,  M.A.     Fcp.  6». 

Our  Sermons:  nn  Attempt  to  consider 
familiarly,  but  reverently,  the  Preacher's 
Work  in  the  present  day.  By  the  same 
Author.    Fcp.  6«. 

Faley's  Moral    Philosophy,  witk 

Annotations.   By  Richard  Wii atelt,  D.D* 

late  Archbishop  of  Dublin.    8vo.  7«. 


Travels,   Voyaijes,  <^'c. 


Ice  Caves  of  France  and  Switser- 

land ;  a  narrative  of  Subterranean  Explora- 
tion.    By  the  Rev.  G.  F.  BR0>v2rK,  M.A.    \ 
Fellow  and  Assistant- Tutor  of  St.  Catherine's 
CoU.  Cambridge,  M.A.C.  With  11  Woodcuts.    ! 
Square  crown  8vo.  12«.  Bd,  j 

Village  Life  in  Switaerland.    By  j 
Sophia  D.  Delmard.    Post  Sro.  9s.  6dL         I 

I 

How  we  Spent  the  Summer;  or, 

a  Voyage  en  Zigzag  in  Switzeriand  and 
Tyrol  with  some  Members  of  tha  ALrnrs 
Clcb.    From  the  Sketch-Book  of  one  of  the 
Party.  Third  Edition,  re-drawn.   In  oblong    , 
4to.  with  about  800  Illustrations,  15t.  | 

Beaton  Tracks;   or,  Pen  and   Pencil    j 
Sketches  in   Italy.    By  the  Authoress  of 
•  A  Voyage  en  Zigia:?/    With  42  Plates, 
containing  about  200  Sketches  from  Draw- 
ings made  on  the  Sj^ot.    8to.  15#. 


Map  of  the  Chain  of  Mont  Blano, 

from  an  actual  Survey  in  1863 — 1864.  By 
A.  AdamsKrillt,  F.RG.S.  M.A.C.  Pub- 
lished under  the  Authority  of  the  Alpina 
Club.  In  Chromolithography  on  extra  stoat 
drawing-paper  28in.  x  17in.  price  lOi.  or 
mounted  on  canvas  in  a  folding  case,  12a.  6dL 

Transylvania,  its  Products  and  its 
People.  By  Charles  Bonrr.  With  5 
Maps  and  43  Illustrations  on  Wood  and  in 
Chromolithography.    8vo.  2I«. 

Explorations     in      South  -  west 

Africa,  from  Walvisch  Bay  to  Lake  Xgami 
and  the  Victoria  Falls.  By  Thomas  Bauiu, 
F.R.G.S.  8to.  with  Maps  and  Illustra- 
tions, 21«. 

Vancouver  Island    and   British 

Columbia  ;  their  History,  Resources,  and 
Prospects.  ByMATTiiEw'MAcriE,F.R.G.8. 
With  Maps  and  Illustrations.    8to.  18f. 
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History    of   DiscoTory   in   our 

Anitnlaaian  Coloniea,  Anstndia,  Tasmania, 
and  New  Zealand,  from  the  Earliest  Date  to 
the  Present  Day.  By  Wiujam  Howrrr. 
With  8  Maps  of  the  Becent  Explorations 
tnm  Official  Sources.    2  vols.  Sra  20«. 

The  Capital  of  the  Tycoon;  a 

Narrative  of  a  3  Tears'  Residence  in  Japan. 
By  Sir  Rutherford  Alcock,  K.CB. 
2  vols.  8vo.  with  nomeroos  Blostrations,  42s. 

Florence,  the  New   Capital   of 

Italy.  ByC.  R.Weli>.  With  several  En- 
gfravings  on  Wooil,  from  Drawings  by  the 
Aatbor.    Post  8vo. 

The  Dolomite  Mountains.   Excnr- 

•ions  through  Tyrol,  Carinthia,  Camiola,aod 
FriuU  in  1861,  1862,  and  1863.  By  J. 
QiLBEBT  and  G.  C.  Churchiix,  F.R.6.S. 
With  numerous  niustrations.  Square  crown 
8vn.21s. 

A  Lady's  Tour  Bound  Monte  Bosa; 

including  Visits  to  the  Italian  Valleys. 
With  Map  and  Illustrations.    Post  8vo,  14j. 

Quids  to  the  Pyrenees,  for  the  use 

of  Mountaineers.  By  Chabuss  Packs. 
With  Maps,  &c  and  Appendix.    Fcp.  6s. 

A  Guide  to  Spain.    By  H.  OShea. 

Post  8vo.  with  Travellbg  Map,  15s. 

Christopher  Columbus ;  his  Life, 

Voyages,  and  Disco verie-s.  Revised  Edition, 
wiUi  4  Woodcuts.    18mo.  2s.  Bd. 

Captain   James    Cook;    his  Life, 

VoyagCvS  and  Discoveries.  Revised  Edition, 
with  numerous  Woodcuts.    18mo.  2s.  Gd, 


The  Alpine  Quide.    ByJonj.. 

M.R.LA.  late  President  of  theAlpiseCi 

Poet  8vo-  with  Haps  and  other  Iflaanrz. 
Ouida  to  the  £aaterzi  Alpa.  [/«•» 
Oulda   to   the  ^Western  Alps,  iac^ 

Mont    Blane^    Monte   Rosa,  ZerBsu,r 

price  7a.  6dL 

Guide  to  the  Oberland  and  all  Swtt* 
hind,  excepting  the  Neighbooriiwi : 
Monte  Ro«a  and  the  Great  Sl  Bene 
with  Lombardy  and  the  adiuimoz  wr- 
ofTyroL     7«.6dL  ^ 

Humboldt's   Travels  and  Di» 

vencs  in  South  America.  Third  Eix 
with  numeroos  WoodcQta.     ISauLUk 

Narratives  of  Shipwrecks  oft: 

.?^,^*^  Vtween  1793  and  1857.  « 
piled  from  Official   Documents  in  tk  i- 

u'^^J'V^-  ^  ^'  Gi"-^5  withaP«fp 
by  W.  S.  GiLLY,  D,D.    3d  Edition,  f.?.. 

By  J.  T.  BuoBT ;  aaaiated  by  E.  H.  tc 

.AoJ^^^^  *°^  ^-  ^»-"-  With  lU 
tnd  96  Woodcuta.     Fcp.  6«.6dL 

^IS*^,*^    Hemarkable   Flsoef 

OldHall^^ttle-Fields,  and  Sc^^ 
^Uve  of  Striking:  Paasages  in  Uzs 
Histoiy  and  Poetry.  By  William  Hoi^ 
2  vols,  square  crov^n  8vo.  .rith  Wood  t 
gravings,  2os, 

The    Bural    I^ifo    of    Englani 

Bythe  same  Author.  With  ^Voo^ 
Bewick  and  Williams.  Medium  S^li.^ 


Works  of  Fiction. 


Atheratone  Priory.  ByL.  N.  Comtv. 

t  \x\k  po*l  8vo«  tlu 
W«<!«:«tnK   Rylhcsamo.   Post  Svo.  »*.  W. 

Sl<drt<M  and  Tales  by  the  Author 

/^''A'M\>    Urr^vrt**  unifi^rm  Edition,  each 
If^^  yr  5^,M  V  v\v>)pl«t«  in  a  single  volume. 

\\\  'iti.^^i^'j.^fttstJkW:.    Katharine  .Vshtost, 

i|,  SV .  V  ^^  ^4  ^t;«t.  t.^  4V        M AKUA  RKT      PsHCI- 

'^:¥m  vau  &»« 

yy  .«>.«».  rt->^»'  ^  «'•■'  ^'  '  ^  *«.    l^^  »t\>X       PAKaOSI- 

A  m\m^  ^<^^  "^^^  ^  "^  *^**^ 


The  Six  Sisters  of  the  VaUeyi: 

an  Historical  Romance.  Bv  W  Bilvmlii- 
MooRE^M.A  Incumbent  of  Ger;arxi-,  Cn* 
Bucks.  Fourth  Edition,  with  U  Illu5traticti 
Crown  8vo.  5*.  t«^*«» 

GkOlUS ;  or.  Roman  Scenes  of  the  Timr 
of  Augustus:  with  Notes  and  Excuruw* 
illustrative  of  the  Manners  and  Customs.^ 
the  Anaent  Romans.  From  the  German  or" 
Prof.  Beckek.  ^ew  Edit.    Post  6ro.  7*.  6dL 

Charides  ;  a  Tale  illustraUvc  of  Private 
Lift  among  the  Ancient  Greeks:  with  V«t*. 
«nJ  Excur^sea.  From  the  German  of^ftT 
B..-M..    New  EdiUon,  Port  S^7^S[ 
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U  loolandio  Legends.     Collected   by  i 

hk  Jon.  Abmaboh.  Selected  and  Tnuulated 
li  firom  the  Icelandic  by  George  £.  J.  Po^'ell 
^.       and   £.  MAONUsaox.      Second   Sebies, 

with  Notes  and  an  Introductory  Eaaay  on 
2  the  Origin  and  GeniuB  of  the  Icelandic 
''    I  Folk-Lore,  and  8  lUostrations  on  Wood. 

Crown  8to.  21«. 

^  The  Warden  :  a  Novel.  By  Akthont 
^         Trollope,    Crown  8ro.  2«.  6<t 

Barchester    Towera :    a  Sequel   to   'The 

Warden.'    By   the  same  Author.    Cr«wB 

8vo.  8».  Cd, 

Tales   from    Greek    Mythology. 

By  George  W.  Cox,  M.A.  late  Scholar   I 
of  Trin.  Coll.  Oxon.  Second  Edition.  Square 
I6mo.  3s.  6d 

Tales  of  the  Gods  and  Heroes.  By  the 
same  Author.   Second  Edition.  Fcp.  5s, 

Tales  of  Thebes  and  Argos.  By  the  same 
Author.    Fcp.  4m.  Gd, 


k 


The  Gladiators:  a  Tale  of  Borne  and 
Judaa.  By  G.  J.  Whyte  Melville. 
Crown  8vo.  6«. 

Digby  Grand,  an  AutobiogrH>hy.  By  the 
same  Author.    I  yoL  5«. 

Kate  Coventry,  on  Autobiography.  By  the 
same.    1  yoL  bs. 

General  Bounce,  or  the  Lady  and  the  Lo- 
custs.   By  the  same.    1  vol.  6s, 

Holmby  House,  a  Talc  of  Old  Northampton- 
shire.   1  yol.  bs. 

Good  for  Nothing,  or  All  Down  HUL  By 
the  same.    1  vol  iis. 

The  Queen's  Maries,  a  Romance  of  Holy- 
rood.    By  the  same.    1  vol.  6«. 

The  Interpreter,  a  Tale  of  the  War.  By 
the  same  Author.    1  vol.  bs. 


Poetry  and  The  Drama. 


Goethe's  Second  Faust.  Translated 
by  John  Anster,  LL.D.  M.R.I.A  Begins 
Professor  of  Civil  Law  in  the  Univeraity  of 
Dublin.    Post  8vo.  lbs, 

Tasso's     Jerusalem     Delivered, 

translated  into  English  Terse  by  Sir  J. 
Kingston  James,  Kt.  M.A  2  vols.  fcp. 
vrith  Facsimile,  14j. 

Foetioal  Works  of  John  Edmund 

Beade ;  with  final  Revision  and  Additions. 
8  vols.  fcp.  18«.  or  each  vol.  separately,  6#. 

Moore's  Poetical  Works,  Cheapest 

£ditions  complete  in  I  vol  including  the 
Autobiographical  Prefkces  and  Author's  last 
Notes,  which  are  still  cop^Tight.  Crown 
8vo.  ruby  type,  with  Portrait,  6».  or 
People's  £dition,  in  larger  type,  12<.  GdL 
Moore's  Poetical 'Works,  as  above,  Library 
Edition,  medium  8vo.  'with  Portrait  and 
Vignette,  lU.  or  in  10  vols.  fcp.  3«.  ^.  each. 

Moore's  Lalla  Bookh,  Tenniers  Edi- 
tion, with  68  Wood  Engravings  from 
Original  Drawings  and  other  Illustrations. 
Fcp.  4to.  21s. 

Moore's  Irish  Melodies,  Maclise's 
Edition,  with  161  Steel  Plates  from  Original 
Drawings.    Super-royal  8vo.  dlt.  M, 

Miniature  Bditlon  of  Moore's  Irish 
MeJodits,  with  Maclisc's  Illustrations,  (as 
above)  reduced  in  Lithography.  Imp. 
16mo.  lOs.  Sd,  I 


Southey's   Poetical   Works,  with 

the  Author's  last  Corrections  and  copyright 
Additions.  Library  Edition,  in  I  vol. 
medium  Svo.  with  Portrait  and  Vignette, 
I4«.  or  in  10  vols.  fcp.  8«.  6dL  each. 

Lays  of  Ancient  Borne ;  with  Ivry 

and  the  .^imodb.  By  the  Right  Hon.  Lobd 
Maoaulat.    16mo.  4s.  6dL 

liord  Maoaulay'a  Lays  of  Ancient 
Rome.  With  90  Illnstrations  en  Wood, 
Original  and  from  the  Antique,  from 
Drawings  by  0.  Schakf.    Fcp.  4to.  21f. 

Miniature  Edition  of  Lord  Maoaulay'a 
Lays  of  Ancient  Rome,  with  Scharf 's  lU 
lustrations  (as  above)  reduced  in  Litho- 
graphy.   Imp.  IGmo.  10«.  Gd, 

Poems.  By  Jean  Imoelow.  Twelfth 
Edition.    Fcp.  8vo.  6s. 

Foema  by  Jean  Ingelow.  A  New  Edition, 
with  nearly  100  Illustrations  by  Eminent 
Artists,  engraved  on  Wood  by  the  Brothers 
Daijsiel.    Fcp.  4to.  21 ». 

Poetical  Works  of  Letitia  Elisa- 
beth Landon  (L.E.L.)    2  vols.  16me.  10s. 

Playtime  with  the  Poets :  a  Selec- 

tion  of  the  best  English  Poetry  for  the  use 
of  Children.    By  a  Laot.    Crown  8to.  6s. 
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Bowdler^    numly    Shakspeare, 

cheaper  Genuine  Edition,  conplete  in  1  toL 
large  trpe,  vith  SS  Woodcat  lUostimtions, 
fnat  14s.  oi;  with  tiie  nme  IixrsTRAnovs, 
in  €  pockift  TobL  Sc  6dL  exli. 

AnmdinOB  Cami,  nre  Masanmi  Cnno 
tMbn^teoaium  Losas  Cuxiri.  ColtogH  atqne 
•fidit  H.  DnuKT.  M^  Editio  Sexta,  en- 
nrit  H.J.  Hodgsos,  JLA.  Crown  8to. 
-   >7«L6dL 


The  JBneidofVirgil  Trmslnted  into 
EngUah  Ytnt.  Br  JoHX  Coxkgtok, 
31^  Corpus  Pixyfeseor  of  Latin  in  the  Uni- 
rerstr  ef  OxfbnL    Crow  8to.  9*. 


The  Ulad  of  Somar 

into  Blank  Venn.  Bj  Ichabod  Caini 
Wrtobt,  ICA.  Ule  FeUow  cf  Mi^ 
CoIL  Ox<m.     2  Tola,  crown  Sro.  2lx 

The  Hiad  of  Somer  in  Sn^ 

Hexamefer  Verse.  Bv  J.  Hoar  D*c 
M.A.  or  Exeter  College,  Oxfofd;  Ank 
of  « Tlie  Exile  of  SC  Helena,  New«|a 
183S.'     Sqoare  crown  8vo.  pnceSlxcifla 

Dante's  I^ivizie  Comedy,  tnu^l 

in  English  Terxa  Rlma  bv  Joior  Datku  I 
MJL  [With  the  Italian  Text,  lArl 
Bnuum,  interpaged.]     Sra  21j. 


Rural  Sports,  <^'c. 


SaoycdopsBdia  of  Bural  Sports ; 

a  Complete  Aooonnt*  Historical,  Practical, 
and  Deeaipdre^  of  Hunting  Shooting, 
Fisfam^  Kadng;  &c.  By  D.  F,  Bumm. 
With  abore  600  Woodcnts  (20  firom  Designs 
Vt  Jon  Lkech).    8to.  42s. 

Hotoa  on  Bifle  Shooting.  Bj  Cap- 
tain HmaTOX,  Adjutant  of  the  Third  Han- 
chtaf  Biile  Yohmteer  Corpa.    Fcp.2s.6dL 

CoL   Hawker^   Instructions   to 

Toong  Sportunen  in  all  that  rdatesto  Gnns 
and  Shooting.  RerisedhT  the  Author's  Sox. 
S^nare  crovn  SmL  with  Illnstrations.  18s. 


Bifle,  its  Theory  and  Prac- 
tice, Br  Arthtr  Walker  (7^b  High- 
landers^  Staff,  Hrtbeand  Fleetwood  Schools 
of  llttsketiv.  Second  Edition.  Crown  8to. 
with  125  Woodmti^  5«. 

The  Dead  Shot,or  Sportsman's  Complete 
Gnide;  a  Treatise  on  the  Use  of  the  Gnn, 
Dog-hreaking,  Pigeon-ahooting,  &c.  Bv 
Karksxak.    Fcp.  with  Plates,  5s. 

Hints  on  Shooting,  Fishing,  iio. 

bo:h  on  Sea  and  Land  and  in  the  Fre^h 
and  Saltwdter  Lochs  of  Scotland.  By 
Ch  Idle,  El>q.    Second  Edition.    Fcp.  6s. 

A  Book  on  Angling :  being  a  Com- 
plete Work  on  oven-  branch  of  Angling 
practised  in  Great  Britain.  By  Filvxcb 
Francis.  With  anmerons  Explanatory 
PUtw,  coloureii  and  p'asn,  and  the  lir^t 
anA  mv«t  reliable  List  of  Salmon  Flies  ever 
published.    Post  8vo. 

The  Art  of  Fishing  on  the  Prin- 
ciple of  Avoiding  Cruelty:  being  a  brief 
Treatise  on  the  Most  Merciful  Mctho-is  of 
Capturing  Fish;  describing  certain  ap* 
proved  Rales  in  Fishing,  used  during  CO 
Tcart'  Fnictict,  Bj-  the  Rev.  o.  Ray- 
ko!(D,LL.B.    Fcp.Sva. 


Handbook  of  Angling:  Te«i^| 

Fly-fishings  TroUin^  Bottom- fisbi^  Sfr  I 
mon-fishing;  with  the  Natnxal  Hntoftf 
Rirer  Fish,  and  the  beat  modes  of  Citoiii  I 
them.  By  EpHJsacKRA.    Fcp.  Woodna^kl 

The    Fly-Fisher's    Entomok^ 

By  Alfrbd  Rokalds.  With  cciwi 
BepresenUtiona  of  the  Natnral  and  Ax» 
cial  Insect.  Sixth  Edition;  witk 
colonred  Plates.     Sto.  14a. 

The  Cricket  Field ;   or,  the  mme 

and  the  Science  of  the  Game  of  Criekit  > 

James  Ptcroit, B.A.  4th  EdiUon.  Fcf.'» 
The  Cricket  Tutor;  a  TreAtiae  eschaifC 

Practical     By  the  aame,     iSmo.  Is. 
Cricketana.     By  the  same  Anthor     VTjA' 

PortzaiU  of  Cricketen.     Fcp.  5s. 

Yonatton  the  Horse.    Revised  ci 

enlarged  by  W.Watson.  M.R.CT.S.  »»t 
with  nnmeroos  Woodcuts,  12s.  6<1 
Youatt  on  the  Dog.    (By  tho  same  JiuilKr 
8va  with  numerous  M'oodcuts,  6s. 

The  Horse-Trainer's  and  Sporti- 

man's  Guide:  with  Considerations  «  tk 
Duties  of  Grooms,  on  Purcbasing  Bk» 
Stock,  and  on  Veterinary  ExaminatiaL 
By  DiOBT  COLLDfS.     Post  8vo.  Ss. 

Blaine's  Veterinary  Art :  a  Tr«- 

tise  on  the  Anatomy,  Phr^ioloffr  as.* 
CuraUve  Treatment  of  the  UiscM^  'd  the 
Horse,  Neat  Cattle,  and  Sheep.  Seventh 
Edition,  re\'ised  and  enlarged  bv  C  ^tkel. 
M.R.C.V.S.L.  8vo.  with  PUtes'and  Wood- 
cuts,  18s. 

On    Drill    and    Manoeuvres    of 

Cavalry,  combined  with  Home  Artillerr 
By  Major-Gen.  Michael  W.  ^mfth  CB. 
commanding  the  Poonah  Division  Jf  the 
Bombay  Army.    Sro.  12s.  €<L 
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k  The  Horse's  Foot,  and  how  to  keep 

'f      itSonxid.   By  W.  Miles,  Esq.  9th  Edition, 
"■I      with  lUuBtraUons.    Imp.  8to.  12i.  6ct 

A  Plain  Treatise  on  Horse-shoelnff.  By 
ths  same  Author.  Post  8vo.  with  lUnstn- 
tions,  2f.  6dL 


Stables  and  Stable  Fittings.  By  the  aame. 
Imp.  8va  with  18  PhUes,  15«. 

Bemarks  on  Horses'  Teeth,  addressed  to 
Parcbasers.   By  the  same.  Post  8vo.  It,  6J. 


The  Dog  in  Health  and  Disease; 

By  Sto3(Eueiiob.  With  70  Wood  En- 
gravings. New  Edition.  Square  crown 
8to.  lOf.  Bd, 

The  Greyhound.  By  ths  samo  Author. 
Revised  Edition,  with  24  Portnuts  of  Or^- 
hoonda.    Square  crown  Sro.  21s. 

The  Ox,  his  Diseases  and  their  Treat- 
ment ;  with  an  Essay  on  Parturition  hi  the 
Cow.  By  J.  a  DoBsoH,  M.R.ay.a  Crown 
8vo.  with  ninstrations,  7s.  6<K. 


Commerce^  Navigation,  and  Mercantile  Affairs. 


The  Commercial  Handbook  of 

France;  Furnishing  a  detailed  and  compre- 
hensive account  of  the  Trade,  Manufactures, 
Industry,  and  Commerce  of  France  at  the 
Present  Time.  By  Fuederick  Martin. 
With  Maps  and  Plans,  including  n  Coloured 
Map  showing  the  Seats  of  llie  Principal 
Industries.    Crown  8vo. 

Banking,  Currency,  and  the  Ex- 
changes :  a  Practical  Treatise.  l\y  Arthur 
Chump,  Bank  Manager,  formerly  of  the 
Bank  of  England.    Post  8vo.  C«. 

The    Theory    and    Practice    of 

Banking.  By  Hexry  Dunxixo  Macleod, 
M.A.  Barrister- at- Law.  Second  Edition, 
entirely  remodelled.    2  vols.  8vo.  30«. 

A  Dictionary,  Practical,  Theo- 
retical, and  Historical,  of  Ci'inmerce  and 
Commercial  Navigation.  By  J.  K.  M*Cui.- 
x>0CH.   New  Edition  in  preparation. 


Practical  Guide  for  British  Ship- 

masters  to  United  States  Ports.  By  Pibb- 
KEPONT  Edwards,  Her  Britannic  Miyesty's 
Vice-Consul  at  Kew  York.  Post  8vo.  8t.  6<t 

A  Manual  for  Naval  Cadets.    By 

J.  M'Nkil  Botd,  late  Captain  R.N.  Third 
Edition ;  with  240  Woodcuts,  and  II  coloured 
Plates.    Post  8vo.  12t.  6dL 

The  Law  of  Nations  Considered 

as  Independent  Political  Communities.  By 
Tratbbs  Twiss,  D.CL.  Regius  Professor 
of  Civil  Law  in  the  University  of  Oxford. 
2  vols.  8va  80«.  or  separately,  Pabt  L  Peaety 
lit.  Part  IL  War,  18«. 

A  Nautical  Dictionary,  defining^ 

the  Technical  Language  relative  to  the 
Building  and  Equipment  of  Sailing  Vessels 
and  Steamers,  &c  By  Arthur  Youiro. 
Second  Edition ;  with  Plates  and  150  Wood- 
cuts.   8vo.  18«. 


Works  of  Utility  and  General  Information. 


Modem    Cookery    for    Private 

Families,  reduced  to  a  System  of  Easy 
Practice  in  a  Scries  of  careiblly- tested 
Receipts.  By  Euza  Actox.  Newly  re- 
vised and  enlarged ;  with  8  Plates,  Figures, 
and  150  Woodcuts.    Fcp.  TcCm/. 

On  Food  and  its  Digestion;  an  \ 

IntHHiuction  to  Dietetics.  By  \V.  Briktoii, 
M.D.  Physician  to  St.  Thomas's  Hospital, 
he.    With  48  Woodcuts.    Post  8vo.  12«. 

Wine,  the  Vine,  and  the  Cellar.  I 

By  Thomas  G.  Shaw.  Second  Edition,  I 
revised  and  enlarged,  with  FrontiKpieoe  and  I 
81  Illustrations  on  Wood.    8vo.  16«.  I 


A  Practical  Treatise  on  Brewing  f 

with  FormuliB  for  Public  Brewere^  and  In- 
structions for  Private  Families.  By  W. 
Black.    Fifth  Edition.    8vo.  10s.  6<2. 

How  to  Brew  Gkx>d  Beer:  a  com- 

plete  Guide  to  the  Art  of  Brewing  Ale^ 
Bitter  Ale,  Table  Ale,  Brown  Stout,  Porter, 
and  Table  Beer.  By  Jous  Pitt.  Revised 
Edition.    Fcp.  4s.  Bd, 

The  Billiard  Book.  By  Captain 
Chawlkt,  Author  of  Milliards,  its  Theoiy 
and  Practice,*  he  With  ncsrIylOO  Diagrams 
on  Steel  and  Wood.    8vo.  21s. 
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Whist,  What  to  Iieadt    By  Cjlv.  | 

Third  Edition.    82mo.  U.  j 

Short  Whist.      By  Majob  A.    The  ; 

fltxteentlir  Edition,  revised,  with  an  Essay  j 
•n  the  ThMiy  of  the  Modem  Scientific  j 
GamebyPBOF.P.    Fcp.8s.6dL 

Two  Hundred  Chess  Problems,  : 

compoeed  by  F.  BiujMTf  including  the 

Problems  to  which  th*  Prises  wore  awarded  | 

by  the  Committees  of  the  Era,  the  Man-  | 

Chester,  the  Birmingham,  and  the  Bristol  I 

Chess  Problem  Tournaments ;  accompanied  I 

by  the  SoLunosra.  Grown  870.  with  200  | 
Diagnms,  5«. 

The  Cabinet  Lawyer;  a  PopnUr  - 

Digest   of  the    Laws  of  England,   Civil, 
Criminal,  and  Constitutional.  22nd  Edition,   { 
entirely  recomposed,  and  brought  down  by   j 
the  Author  to  the  dose  of  the  Parliamen-   | 
tajy  Session  of  1866.    Fcp.  IO5. 6dL 

The  Philosophy  of  Health ;  or,  an 
Exposition  of  the  Physiological  and  Sanitary 
Ooiiditions  condodve  to  Human  Longevity 

I  and  Happiness.  By  SonrawooD  Smith, 
ILD.  Eleventh  Edition,  revised  and  en- 
larged;  Iwith  118  Woodcuts.    8vo.  15f. 

Hints  to  Mothers  on  the  Manage- 
ment of  their  Health  during  the  Period  of 
Pregnancy  and  in  the  Lying*in  Rooul  By 
T.  Bull,  M.D.    Fcp.  5s. 

The  Maternal  Management  of  Children 
in  Health  and  Disease.  By  the  same 
Author.    Fcp.  5«. 


Hotes  on  Hoapitals.  By  Juaan 
NnuRoroJULK.  Third  Edition,  alcp. 
with  IS  PUns.     Poet  4to.  ISs. 

The  Exeoutor's  Quide.  Br  J.: 
HuDBOX.  Enlarged  Iia ition,  revL-««i  br*. 
Author,  with  reference  to  the  latest  »^:r. 
Cases  and  Acts  of  Parliament.    Fcp.  'x 

Hndson's  Plain  I>iTeotiona  for  ^i^^ 
Wills.     Fcp.  2s.  CsL 

The    Iiaw   relating    to   Bene!: 

Building  'Societies ;  with  Practical  l':r 
rations  oh  the  Act  and  all  the  Cases  d:::: 
thereon,  also  a  Form  of  Boles  and  I<m 
Mortgages.  By  W.  Tidd  Phait,  Biniisi 
2nd  Edition.     Fcp.  8j.  6d. 

C.  M.  Willioh's  Popular  TabSi 

for  Ascertaiaing:  the  Value  cf  Ut- 
Leasshold,  and  Ghorch  Property,  Bom 
Fines,  &c;  the  Public  Funds;  Amri 
Average  Price  and  Interest  on  Consols fis 
1781  to  1861  ;  Chemical,  Geograp^ 
Astronomical,  Trigonometrical  Tablif.  ^ 
Post  8Ta  lOf. 

Thomson'B    Tables   of    Intent 

at  Three,  Four,  Four  and  a  Half,  acd  F^ 
per  Cent ,  from  One  Pound  to  Ten  ThooE 
and  from  1  to  865  Days.     12mo.  8s.  6^ 

Maunder'B  Treasury  of  Knot- 
ledge  and  LibraiT  of  Reference :  comprLc: 
an  English  Dictionary  and  Grammar,  1 1- 
▼ersal  Gazetteer,  Cla^isical  Dictionarr,  a> 
nolog%*,  Law  Dictionan-,  Synopsis  oc 
Peerage,  useful  Tabled,  &c.    *Fcp.  l-.»*.  t 


Knowledge  for  the  Youwj, 


The  Stepping  Stone  to  Knowledge: 

Containing;  upwarils  of  700  Questions  and 
Answerd  on  Miscellaneous  Subjects,  adapted 
to  the  capacity  of  Infant  Minds.     Bj  a    ! 
Mother.    18mo.  price  Is. 

The  Stepping  Stone  to  Geography: 
Containing  several  Hundred  Questions  and 
Answers  on  Geographical  Subjects,  18mo.  U. 

Tlie  Stepping  Stone  to  English  History :  ; 
Containing  several  Hundred  Questions  and  : 
Answers  on  the  History  of  England.    U. 

The  Stepping  Stone  to  Bible  Know- 
ledge;  Containing  several  Hundred  Ques- 
tions aud  Answers  on  the  Old  and  Xew 
Testaments.    l8ino.  1«. 

The   Stepping    Stone    to    Biography: 

Containing  several  Hundred  Questions  and 
Answers  on  the  Lives  of  Eminent  Men  and 
Women.    ISmo.  li. 


Second  Series    of  tho    Steppis* 

Stono  to  Knowli'Jj^o ;  containing:  rp».f-- 
of  Eight  Hundred  Questions  and  X-^rrc- 
on  Miscellaneous  Sul.Ji-ots  not  cun:-iin*i  i 
the  FiiisT  SuniEs.     Itiuo.  It. 

The  Stepping  Stone  to  French  Pron^- 
dation  and  Conver^jiatiun  :  Contdicing  scr- 
ral  llur.  Ircd  Quef^tion.^  and  Answers.  5^ 
Blr.  P.  Sadler.    18mo.  U, 

Tho  Stepping  Stone  to  Fngliah  Graa- 
mar:  containing  bcver^I  Ilundre^l  Quests:! 
and  Answers  on  English  Gramn::^.  5j 
Mr.  P.  Sadleb.    18mo. !«. 

The  Stepping  Stone  to  Natural  Hiatozy: 
Vertkukate  or  BAiKnoxtii  Ammax.'*- 
Pabt  I.  Mammalia  \  Pa:it  11.  Birds.  R^- 
tiUs,  Fishr*.    18mo.  Is.  each  ParL 
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Abbott  on  SigLt  and  Touch •. 

Acton's  Modern  Cookery  

Alcock's  Hetideiico  in  Japan. 

Allibb  on  Formation  of  Cbriatumity 

Alpine  Guide  (The) 

Apjohn'i  Manual  of  the  Metalloida. 

Arago'b  Bioj^raphief  of  Scientific  Men  .... 
Popular  Afltronomy  . 


Arnold's  Manual  of  Bngliab  literature.. 

Abnott's  Elemente  of  Fhyilci 

Arundinet  Cami  

Atherttone  Priory   

Autumn  Holidays  of  a  Country  Parton   . . 
Aybb*b  Treasury  of  Bible  Knowledge . . .. 


Bacon's  Essays,  by  Wh ately 

Life  and  Letters,  by  Spbodino.  . 

Works 


Bain  on  the  Emotions  and  Will 

—  on  the  Senses  and  Intellect , 

on  the  Study  of  Character 

Bainbs's  Explorations  in  S.W.  Africa 

Ball's  Guide  to  the  Central  Alps 

Guide  to  the  Western  Alps  .... 
-Guide  to  the  Eastern  Alps    .... 


Barnard's  Drawinji^from  Nature 

Bayldon's  Rents  and  Tillages 

Beaten  Tracks 

BtcKER'b  CkaricUs  and  Callus 

Bbbthoven's  Letters 

BBNFBY'sSanskrit-Engliiih  Dictionary .... 

Berry's  Journals 

Black's  Treatise  on  Brewing 

Blacklby  and   Fribdlandbb's  German 

and  English  Dictionary 

Blaine's  Raral  Sports 

•^-^^—  Veterinary  Art 

Blight's  Week  at  the  Land's  End 

Boasb's  Essay  on  Human  Nature   

Philosophy  of  Nature  . . , 


Boner's  Transylvania 

Booth's  Epigrams 

BouBNK  on  Screw  Propeller  

Bourn b*s  Catechism  of  the  Steam  Engine.. 

Handbook  of  Steam  Engine  .... 

-^— Treatise  on  the  Steam  Engine. . . . 

Bowdlbb's  Family  Shakspeabb. 

Boyd's  Manual  for  Naval  Cadets 

BBAMLEY-MooBB'sSix  Sistersof  the  Valleys 
Bbandb*8  Dictionar>*  of  Science,  Literature, 

and  Art 

Bbay's  (C.)  Education  of  the  Feelings 

Philosophy  of  Necessity 

■  On  Force 

Bbinton  on  Food  and  Digestion 

Bbistow's  Glossary  of  Mineralogy 

Bbodib's  Constitutiunal  History 
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BR0DiK's(SirC.  B.)  Works 10 

__.  Autobiography 10 

Browne's  Ice  OaTes  of  France  andSwitier- 

land 15 

Exposition  39  Articles IS 

Pentateuch 18 

Buckle's  History  of  Civilisation 2 

Bull's  llintsto  Mothers 20 

-  Maternal  Management  of  Children. .  20 

Bunsen's  Ancient  Egypt 2 

Bunsen  on  Apocrypha 14 

Burke's  Viciuitudes  of  Families 4 

Burton's  Christian  Church  3 

Cabinet  Lawyer 20 

Calvert's  Wife's  Manual  14 

Campaigner  at  Home 6 

Cats  and  Fa  rli  e's  Moral  Emblems 11 

Chorale  Bouk  for  England 15 

Clouo  h's  Lives  from  Plutarch 2 

CoLUNso  (Bishop)  on  Pentateuch  and  Book 

of  Joshua. 14 

Colli  ns's  Horse  Trainer's  Guide 18 

Columbus's  Voyajtes 16 

Commonplace    Philosopher  in  Town    and 

Country 6 

Coninoton's  Translation  of  Virgil's  ^neid  18 
CoNTANSLAU*s  l*wo  Freuch  and  English 

Dictionaries  5 

Co.yYBEARE  andHowsoN's  Life  and  Epistles 

ofSt.Paul IS 

Cook's  Acts  of  the  Apostles IS 

-  Voyages  16 

Cor  LA  N  d*s  Dictionary  of  Practical  Medicine  10 

Cox's  Tales  of  the  Great  Persian  War 9 

•^—  Tales  from  Greek  Mythology 17 

Tales  of  the  Gods  and  Heroes 17 

Tales  of  Thebes  and  Argos 17 

Crawlry '8  Billiard  Book   19 

Cresy's  Encyclopaedia  of  Civil  Engineering  11 

Critical  Essays  of  a  Country  Parson 6 

Crowe's  History  of  France 2 

Crump  on  Banking,  &c 19 

CussANs's  Grammar  of  Heraldry 12 

Dart's  Iliad  of  Homer ,  is 

D'AubionL's  History  of  the  Reformation  in 

thetimeofCALTiH 2 

Dayman's  Dante's  Divina  Commedia 18 

Dead  i»hot  (The),  by  Marksman 18 

Db  LA  Rive's  Treatijie  on  Electricity 8 

Dblm  A rd*s  Village  Life  in  Switzerland.. . .  15 

Db  la  PavMB'sLifeof  Clirist u 

Dr  Moroax  on  Matter  and  Spirit   • 

Dk  Tocqubtillb's  Democracy*  in  America  9 

Di!iRAKLi*s  Speeches  on  Reform 8 

DoDsoN  on  the  Ox 19 
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DuHCAN  and  Millard  <m  ClMtiflcation, 

-ftc.  of  the  Idiotic 11 

Dtbe*!  City  of  Rome S 

XnwAmDt*!  Shipmaster's  Gaide  19 

B^misnin  at  hotmnj        9 

mi»,  s  Ttlr.                     16 

Kllicott**  Broad  and  Nim^w  Waf IS 

^ Com  m  Pi:  tsry  On  EpIieiJa  na  . . . .  18 

'    Dpttidjr  of  theCre*tarp. .     ....  IS 

Lccturei  on  LtfeofChriit IS 

— — — —  ComoiFntary ftn Galatians  ....  18 

_ PastoralJ^Ut.  18 

Pliilippianstftc.  IS 

TheasakMiiana  IS 

Atro  aL*fl  1  ntrod  ncl  i  on  to  N  itional  llQsic  . .  11 

Kaaays  md  fL«vj««rt       H 

■  on  Relijpon  and  Literatare,  edited  by 

MANMIIfO 18 

Fairbairm's    Application    of    Cut    and 

l^rooffht  Iron  to  Biiildins 13 

— — Infonnftiioo  for  Engitifeii ,,  13 

Trratise  oo  Millt  It  Hillvrork  13 

Faiebairm  on  troD  Sbip  BuUclinf      11 

F A,m.aA m^ ■  €b aptcr t  on  Laofna^e  , .     5 

Frou  La  as*  b  Chiiiit«iidoiD*t  Dmtioni 14 

FttAK^ls's  Ftaliinf^  Book                18 

FROUDB'a  History  of  Enfland. 1 

Gbb's  Oar  Sermons 15 

i^Liiiday  tQ  ijotidsy 15 

Gi  LBKKT  and  Ch  (JiCH  1  hVt  DolomUt  Monn- 

taini                                                16 

GiULY'»Shipwr«;lfio/tbe  PfaTy     16 

OoiT H m*m  Second  Fanit ^  by  Aniter , 17 

Good  EYi'fl  Elements  of  Hecbaniim, 13 

GoRLi^BQu^tionAon  Brownb's  Exposition 

ofthr  B«f  Artiriti                                18 

G   AnT'i  Eiiiici  of  Ariitotle                4 

Orav«r  Tbouf^hti  of  a  Country  Parson 6 

G bat's  Anatnmy                                   10 

Grbbnb's  Corals  And  ^a  J ellfei         8 

Spotr^ei  and  AnimalcnUe 8 

Gbotb  on  Correlation  of  Physical  Forces  ..  8 

Gwilt's  Encyclopedia  of  Architecture  ....  13 

Handbookof  Anglinjr,  by  EPHBafBRA 18 

Habb  on  Election  of  Representatives 6 

Hablby  and  Brown's  Histological  Demon- 

strations 10 

Habtwig's  Hsrmonies  of  Nstare. 8 

. t'ca  and  lU  Living  Wondera. ...  8 

Tropical  World            8 

Haughton*8  Manual  of  Geology 8 

Hawrbb's  Instructions  to  Young  Sports- 
men                                                 18 

Bba ton's  Notes  on  Rifle  Sbooting 18 

flBALBT^flChe^s  Problems 20 

HBtPs^a  SpsniAh  Conquest  in  Amoica  ....  3 

Hbnd£rbon*&  folk-L^re     6 

HxRBCHBL'a  Essays  from  Reviews    9 

Otitlijiea  of  Astronomy 7 

HBWt-rron  the  Diseases  of  Women 10 

HonoBOM*B  Time  and  Space,             7 

HoLt^AHD^BEaaafBOta  ScientiftG Subjects..  9 

¥fni.«4Bs't  System  of  Surgery 10 


Hook  BR   and  WALXBR-Aaxorri 

Flors  ■••••••■     IP* 

HaPKr,vs*A  Hawaii , 

iio  m«  m^a  1  ntrod  tictiou  f o  ft»  tet; 

^  =  -=-     Co uipcndJTtni  of  t&e 
H01Ut.ET^s  ManuAl  of      " 
lloBKTitfa*s  Occasional 

Talpa    .... 

How  we  Spent  the  S-otm 
Howitt'b  AustraliAn 

RnraX  Life  of 

Visits  to  lUmarlihlf  ft?i 

Hudson's  DirecUons  for  AUtirf  ^ 

— Hxecutor^B  Gui^k — ._. 

ntT&N£«'s  (W>)  U&oumJ  of  Qofnili^ 
Hyi-LA»^s  Hifttorf  ofModerallttE^ 

-  Transition  Mttstcil  Lectira  . 

Pari  Mutlc.* ^ „„*..„  , 

Siacr^d  Masic   ...,.,.»„.,.. 

HuidBOL£iT*s  Tm-elt  in  Soulb  iifcra. 
HuMFHUKTS*  Sejitimenu  ^r!£lttti|q!. 

Htr-rroM's  Studies  in  F«rlj*i!«a( 

Hymns  firom  Xjrfw  Oermai$kia...,....J 


IvoBLOw's  Poems 

Icelandic  Legrends,  Bbconh  Saatn..^^ 
IoLB*s  Hints  on  Shooting 


Jambson's  Lo^endsoftbe  Saintinlls 

tyrs 

.  Leg^ends  of  tl»  Madomii 


-  Le^nds  of  the  MoDsstk  Orfa 


jAMBsoNsnd  Eastlakb's  History  er>>7 

Lord.... 

Johnson's  Psfi^nte«*s  Hannal 

Pntcticsl  .I>rauf  fatsfiuA 

Johnston's   Gazetteer,    or   General  0* 

grspbical  Dictionary 

Jonbs's  Christianity  and  Common  Sok 
Jordan's  Elements    


Kalisch's  Commentary  on  tbe  Bible.... 
-  ilebrtw  QraiTiuiar 


Kellee^a  Lake  DwcUtti|j^s  of  S«vitierto4 

KEsTEtT:p^^p  Domestic  Mecficine 

K  RBY  Atid  SPKKce's  Entorootojcy  

Kubnbn  on  Pentateuch  and  Joshu..... 


Lady's  Tour  round  Monte  Rosa 

Lakoon'b  Lh^K/L,)  Poetical  WorW 

Latham's  Ha^Uah  Dictionary  

LA^RifNcK  on  Aocka  

LiicKY'a  Jlistory  of  Rationalism  

Lciiufi?  Hours  in  Town  , 

Lt^xa^s  liini^pbic^L  History  of  F^iloft; 

Lew  w'a  f  AtCi  a*cri  

Liw  [s  oik  Kjirly  Roman  History  

. on   risbDtaturbances    

on  Observation   mad  Reasonin 

Politics..  

^  on  Tolitical  Terms 

Lbwis'b  EH&A]rs  on  AdJiniDistrations.... 

—^ Fab^Mof  BABRitzs,  ... 

Li  n  OB  ll  and  Scott's  Ore4^lc-R^^l  tab  Lei 

► Abridifed  ditto   „ 

Life  of  Man  aymboTised  ...,..,,. 

Lindlby  anil  Mooas'^  Trc-Jiatiry  of  Bo 
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t^itoHAit*m  LKt urct on  HiUory of  BngUnd  1 

Lo[Ti>ciN'4Rncydopvdl*of  AfniCQlturt....  13 

Gardening  ....  IS 

PItnte   9 

Treei  i  nd  Sbmka  9 

Cottii  ire.  Firm,  ind  viik  A  rdiltectu  r€  IS 

LowNDK^'s  Kr^l^lneer'i  Htndbook   12 

Lyra  Domeitica    14 

SachtrisHca 15 

——  Genninica    11,  15 

Metdtnica  15 

Myatica 15 

Sacra 15 


Macaulay*9  (Lord)  Basays 

Hiatary  of  Rowland 

^ 'Laytdf  Audeitdioine 1' 

M  iiceltan  eo  ui  Writin|^ 

■  S|tfierhe>        

Work*  

MA€r.MiRK?f*«  T-ecturti  on  Harmony 1 

MACLBOD*a  Elf iiifbU  of  rolitical  Economy 

■  DictioDiryorPolitkilly^onomy 

Tlit^oi^y Anil  IVac tree orilvnkirhg    19 

McCui,LOCH*a  Dicti*>iiiaTT  of  CommcTC^.... 

— GeoirrapMea]  EHctionary .... 

llAcrrs'a  Vaiaroui'er  Jiland  I 

MA^r  as"!  Lift  of  Father  Mali] tw 

RnToe  and  iti  Kulera 

Malino*8  Indofjr  Girdfiif^r 

Mann  I  HO  on  Holy  Gliott..... 1 

MAH9iHMAN*a  lliitoryof  Fadla 

Ufeof  HiTtleck 

MAmTr?i*<  Comtnemal  Elandbook  of  France 

Maiiet'i  Kiitory  of  Kn^tand. ..-,., 

Ifam  NaaaRt)*a  Hiitory  of  Ike  B«fonnatiDn 
MaunobrS  Blnf fEplikal Treaaurr  ,..*.... 

Geop^nphkal  Trvaiury. ,.,*,«. 

^  IlLitohcat  Tremury  ...,.».,.♦ 

ScieiiMcand  LittntyTfeaaory 

TVcataTT  of  KtiowMge .,.     JO 

TrfWiory  of  Niturat  lilitory  * , 
MAumY*a  Pbyiical  Qeoffraphy.  ......,.«...* 

May'8  Ckinititiitional  ia«U>ry  of  En|:Utid .. 

MBLTiLLk'«  Djftt^  Graod  ...p. *,..     1 

Gni^rat  Bounce **..,►.»..-*.*     1 

— — ^—  Glatliaton  1 

Good  for  Nothinit 1 

Ilolmby  Honae 1 

■  Inttrpfelcr  .. , 1 

•^— —  Katif  Coventry, 1 

Qtiecn^i  Mariei 1 

UaffD  La»oii?f't  Utt«rt        

UtNXiaa' U'indaor  Great  Park i: 

UaatVALt'e  (H.>  Hiiiodral  Studirt      . .  •• 

CO  I^A  H  of  the  Ro  man  fUpubiic 
Rom  ATt  i  an der  t  bo  Empire 
Doyle  LcettirfB  .... 

Mi  LIB  on  Horae'i  Akot  md  Hone  Shoetnif .    1 

en  Horaea*  Teeth  and  Stables  1 

Mill  en  LU>erty 

on  RepresrntatlTe  Ooremment 

— on  UtiUtarianiim' 

Mill's  nisvertationa  and  Dltcnssions 

Political  Economy  

System  of  Lo(fic 

Hamilton's  Philosophy 


3il  t  Licit*?  1^ i^enti  of  Chemistry 9  . 

Mojf BCLL'a  SpftiluAl  Souifi . ,  „ la* 

R^:itihich«    /....„,, 15 

MoNTOOMBiT  on  Preicnancy 10 

Moobb's  Irish  Melodies 11,  17 

UllaUooKb              17 

— ^ Joiam Al  i  H(]  Corrf  spo  nd  e^c  e  . . . .  8 

Poetical  Work*.                17 

(Dr.  G.)  Fir«i  Man            8 

MoBBLL'a  Elemonti  of  Ptycbolo^ 6 

Mpiilal  Ph!Lo»opby 6 

M  o  &  11 1? ;  u '  K  Ecclcs  ]  ai  t  i  c»l  Hiatory . , 14 

Mobart's Letters  .           . s 

Mt^LLBR's  (Mbk)  I^cturen  on  ihp  Science  of 

Lan^aj|:e   $ 

(K.  O.)  yterature  of  Ancient 

Greece % 

MuROHisoN  on  Continued  Fevers. 10 

MuBB'a  Lan^age  and  Literature  of  Greece  9 


New  Teatament  illastrated  with  Wood  En- 
gravings from  the  Old  Maaters 11 

NxwMAN's  History  of  his  Religions  Opiniona  S 

Nightinoalb's  Notes  on  Uoftpitals  90 

OoLi no's  Animal  Chcmjstry 9 

Co  ij  n  e  of  Tract  icaJ  Chemistry. ...  9 

*Mmuat  of  Cliirmifttry 9 

0*9iiaA'8GaMeto  Spain 16 

Owiw'aCompnTative  Anatomy  and  Physio- 

losTofVcrtijbrate  AnJuials 8 

OxBNHAM  on  Atonement 15 


Pacbk's  Gaide  to  the  Pyrenees 16 

Paobt's  Lectures  on  Sunpcal  Pathologj    ..  10 

Pbrbira's  Klomenti  of  Materia  Medica ....  10 

Staaoa  I  0  f  M  alcria  Medica. 10 

PBRKiNs'sTnirinSculplora    19 

pKiLLira'aOmdctoGeolOf^y   g 

Introduction  to  Mineralogy....  g 

Fiaaaa's  Artof  Perfqmcry    18 

Cliimicat,  Natural,  hod  Phyaical  Magic  18 

Prrron  Brcirin|f.„... ,        19 

PEnytime  with  the  Pocr«.          I7 

Practical  Mccban I c*i  Jonmal is 

Paj^rr'a  taw  cf  Bui Uiin^focfr lira 90 

PAKBOorr'i  i^cripturc  tlimcu  Itiea  „ u 

FancTon'a  HanJboolf  oftheiJlara 7 

Hatum                             7 

PTCBorr'a ConriE?  of  Knj^liib  ReadiDg  ....  ft 

Cricket  Field ig 

CricketTutor ig 

CricketBM 18 


Raymond  on  Fishing  without  Cmelty 18 

Rbaob's  Poetical  Works 17 

Recreations  of  a  Country  Parson 6 

RBiLLY'aMapof  Mont  Blanc 18 

RiTBBt'a  Rose  Amateur's  Guide  9 
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BooERa*s  CorresponAence  of  Greyion 6 

Kcllp«e  of  Faith 6 

Defence  of  ditto   6 

— Euayi  from  the  Edinburgh  Review  6. 

— Fulleriana 6 

>— ^Reason  and  Faith 6 

(B.)  Fifth-Monarchy  Ikf an 3 

Boost's  Thesaomi  of  Engliah  Words  and 

Phrases   5 

RoirALD8*s  Fly- Fisher's  Entomology 18 

RowTOx's  Debater 5 

BussBLL  on  Goremment  and  Ccustitution .  1 

Baxdars's  Justinian's  Institutes 4 

Scott's  Handbook  of  Volumetrical  Analysis  9 

.              Lectures  on  the  Fine  Aiis 11 

ScROPK  on  Volcanos  7 
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